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I. Introduction. 

'zn a previous report,' a Pclmber of reaction systems for the synthesis 

of conjugated polymeric Schiff base8 were eelected for continued study. 

Such studies were necessary t o  caPplete the preliminary investigations t o  

obtain more data on which the final selections of the polymerization systems 

d d  be made. 

mers, ncm-polyme!ric prototype Schiff base reactions, a large number of selec- 

ted polymerizations, post-reactions of conjugated polymers and 8- attempts 

to  determine reaction mechanisms. 

The investigations included the syntheses of some new mono- 

The experimental data in this report canplete the preliminary s tudies  

and establish the basis for the researches t o  be performed during the period 

of February 1965 t o  January 1966. 

1 
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r Crude 
MmP. Bef. MOP. yield 

z OC OC 
Ref. 

Exper . 
No . Canpound 

I I I I 

11. Synthesis of New Monomers and Belated Beomethines. 

A mnnber of Schiff bases were synthesized during the course of t h i s  

research as they were needed. 

condensation of the appropriate amines and aldehydes according t o  the method 

reported by Schiff.' 

sa t i s fac tory ,  the procedure described i n  Organic Synthesis Collective 

Volume  I was used. In the cases where the yields were described as poor or 

not l i s t e d ,  an azeotrope method was used, whereby water is removed as a by- 

product of the reaction and collected i n  a Dean-Stark t r a p  by v i r tue  of its 
1 formation of an azeotrope w i t h  benzene. 

in a HBSA report ,  bas been applied t o  the synthesis of a la rge  number of 

Schiff  bases, and has been found t o  be successful in a l l  cases giving high 

y ie lds  and pure products. 

These compounds were prepared by the simple 

In those cases, i n  which the reported yields  were 
3 

This method, previously described 

A. Simple Schiff Bases. 

Table 1 gives a number of simple Schiff bases prepared by the  condenea- 

t i on  of an aromatic amine with an aromatic aldehyde. Saae of the campounds . 
I 

included i n  the previous report  have been included i n  this t ab le  for can- 

pleteness. 
Table 1 

Data on Some Schiff Bases 

DA-29-142 

DA-29-143 

DA-29-144 

DA-29-161 

DA-29-109 

DA-2 9 -171 

71 

93 

66 

65 

199 

73 

72 

93 

66 
-- 
1-90-200 

73 

86.5 

93.3 

91.6 

Want . 
w a n t  . 
w a n t  . 
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B. Monaneric Schiff Bases. 

For use as reagents fo r  polymerizations t o  be performed later,  a number 

of bis-Schiff bases having potential  funct ional i t ies  of two were synthesized. 

A special procedure was devised for the preparation of the bis-Schiff base, 

Since the t r ian ine  4,4'-dfaminodiphenylamine could be obtained only as the  

monosulfate s a l t ,  the azeotropic method was not used. It was  decided t h a t  

the l ibera t ion  of the f r ee  amine and synthesis therefrom of the bis-Schiff 

base could be done in one reaction vessel. The amine sal t  was f i r s t  dissolved 

in water, benzene added, and the free amine vas l ibera ted  by the act ion of 

an equivalent quantity of sodium hydroxide. The f ree  amine, being insoluble 

i n  w a t e r ,  then passed i n t o  a benzene layer  i n  the reaction vessel containing 

two equivalents of benzaldehyde. 

giving the bis-Schiff base. 

Reaction occurred in the  benzene layer  

The water  layer  was separated by means of a 

separatory funnel; the desired product was isolated from the benzene layer ,  

The low yieEd. of--pure praduct (29.1%) was due to the impurities in t h a . s t a r t i n g  

materials (the triamine was Aldrich technical grade) and various losses  

during the many recrys ta l l iza t ions .  

A separate procedure was a l so  employed fo r  the attexnpted synthesis of 

the diemino compound, B2N NR2, frm p-phenylenediamine 

(PPDA) and terephthaldehyde (TA). To avoid polymerization of the s t a r t i n g  

materials, 0.15 mole of PPDA was dissolved i n  a la rge  volume of ethanol 

(-500 ail.) and heated t o  boiling. Next, 0.6 mole of TA, dissolved in 

120 ml. ethanol, was added t o  the reaction dropwise over the course of one 

hour. 

The product obtained from t h i s  react ion was a yel low amorphous powder 

having no melting point and was only s l i g h t l y  soluble i n  acetone or ethanol, 

3 
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It was concluded that a polymer had been formed ra ther  than the  dellired 

diamino product , 

A number of the monomeric bis-Schiff bases were prepared by the azeo- 

The monomeric t rop ic  method as  w e l l  defined yellow c rys t a l l i ne  compounds, 

bis-Schiff bases prepared during t h i s  period are summarfeed i n  Table 2, 

Table 2 

Data on Some Monomeric Schiff  Bases 

a 
* 

* 

w 

Exper 
No. 

DA-29-176 

DA-2 9-17 8 

DA-29-181 

DA-29-184 

DA-29-188 

DA-29 -201 

l4.P . 
"C 

130 
26-27 

25 

182-183 

183-186 

POlY= 

Ref, 1 Crude 

------ I ------ 
It is noted tha t  a l l  tbe monomers in Table 2 have e i the r  t o t a l  OT p a r t i a l  

interrupt ion of conjugation by means of a heteroatom or saturated a l ipha t i c  

moiety. By u t i l i z i n g  these monomers i n  e i t h e r  the bis-Schiff base exchange 

o r  the carbonyl exchange reactions, it w i l l  be possible t o  obtain polymers 

with various degrees of conjugation. 

terrupted by oxygen or nitrogen are  expected t o  r e t a in  a l a rge  measure of 

their conjugation," whereas those interrupted with a l ipha t i c  groups would be 

The polymers whose conjugation is in-  

expected t o  r e t a i n  l i t t le  or l e s s  conjugation. By comparison of the heat sta- 

b i l i t i e s  of these polymers with polymers possessing uninterrupted conjugation, 

an evaluation of the contribution of conjugation t o  heat s t a b i l i t y  can be made. 

4 



111. lon-Polymeric Prototype Schiff Base Reactions. 

In a previous report' three exchange reactions of Schiff bases were dis- 

I 

cussed. 

residue of a Schiff base can be replaced in a reaction with another amine, 

f o r  example: 

The f i r s t  of these is an amine exchange reaction whereby the amino 

~ The second is an exchange of the carbonyl moiety of a Schiff  base by reaction I 

with an aldehyde or  ketone, thus: 
~ 

The t h i r d  is  the bis-exchange reaction i n  which t w o  d i f fe ren t  Schiff bases I 

par t i c ipa t e  by exchanging amine and carbonyl moieties, thus producing tvo new 

Schiff  base compounds, a s  shown i n  equation 3: 

e 
* 

i ,c 

The primary fac tors  involved in these exchange reactions a re  1) the 

12 r eac t iv i ty  of the reagents and 2) the v o l a t i l i t y  of the product o r  by-product. 

I n  exchange reactions,  the products formed from the reaction mst be mre 

s t ab le  than the s t a r t i n g  materials fo r  the reaction t o  occur, and the reacti- 

v i t y  of the s t a r t i ng  materials must be high. To achieve a high degree of 

conversion i n  the exchange reactions, which a r e  equilibrium processes, it has 

been found necessary t o  remove one or both of the  products t o  s h i f t  the equi- 

librium. The research contained i n  t h i s  and i n  the previous report' confirms 

the r e s u l t s  of Reddelein, that quant i ta t ive yields  of products may be obtained 

by d i s t i l l i n g  out one of the products of the  reaction. 

A number of monomers and related Schiff base compounds were prepared and 

non-polymeric prototypes of the three exchange reactions w e r e  studied. Eaving 

established f i r s t  t ha t  the reactions took place, and second, the conditions 

under which the exchanges took place readi ly ,  su i tab le  monomers were poly- 

5 



merized, yielding black conjugated polymeric Schiff bases. 

In a previous report the synthesis of two new mon~mers, 

FB3 @-2-PPPDA) and 

b 7  

were described.' These compounds were prepared for  the purpose of obtaining 

m o n m e r s  with greater  r eac t iv i t i e s  i n  Schiff base exchange reactions than d i -  

benzylidene-p-phenylenediamine (DBPPDA). Preparatory t o  using these n= mcmo- 

mers in polymerization reactions,  prototype reactions were run t o  determine 

the  relative r e a c t i v i t i e s  of the new masers. 

Since the  r eac t iv i ty  of aldehydes i n  the  formation of Schiff bases is 

grea te r  than ketones, it would seem reasonable that an appropriate aldehyde 

should be able  t o  replace a ketone f ran  its Schiff  base. 

t i o n  between a diketonanil and benzaldehyde, the products expected would be 

Thus, i n  the reac- 

DBFPDA and the displaced ketone, thus: 

A. Experimental. 

1. (DA -29-103) Reaction of Benzaldehyde and Di (2 -~en ty l id ine ) -~ -  
phenvlenedfamine . 

In  a 50 ml. round-bottomed flask were placed 0.02 mole of the  d ike tomni l  

After a short  t ime, a yellow and 0.04 mole of f reshly d i s t i l l e d  benzaldehyde. 

so l id  began t o  prec ip i ta te  from the reaction mixture and t o  co l l ec t  a t  the 

bottom of the flask.  The f lask  was now modified fo r  d i s t i l l a t i o n  under nf t ro-  

gen by the addition of a su i tab le  d i s t i l l a t i o n  head, condenser, receiver,  and 

6 



nitrogen inlet. Distillatiod was begun a t  1 4 0 O C  and continued a t  t h i s  tem- 

e 

‘I * 

perature  for  one hour. 

ceiver  during t h i s  t-. 

Soate small amount of l i qu id  was collected in the re- 

Next, the temperature was ra ised t o  200OC over a 

period of two hours, and additional d i s t i l l a t e  was collected. The d i s t i l l a t e  

was examined and found t o  consist of two layers.  Samples were subjected t o  

Infrared analysis and found t o  be water and 2-pentanone. The amounts of each 

of the two canpounds collected were 2.2 g. and 1.6 g. respectively. 

was found t o  be a dark-yellow viscous l iqu id  which did not c rys t a l l i ze  upon 

The residue 

cooling. Attempted recrys ta l l iza t ions  from hexane and ethanol did not y ie ld  

a c rys t a l l i ne  material. 

2. (DA-29-106) Modification of DA-29-103 at Lower Temperatures. 

Di-(2-pentylidine)-p-phenylenediamiae, 0.01 mole, and 0.02 mole of benz- 

aldehyde were mixed together in a small beaker and allowed t o  stand a t  roan 

temperature fo r  one hour. A yellow s o l i d  rapidly separated fran the mixture 

and the c rys t a l s  were collected by f i l t r a t i o n .  

c rys ta l l ized  f r an  95% ethanol containing activated charcoal. 

defined c rys t a l s  were obtained which melted a t  140°C, corresponding t o  the 

The compound was then re- 

Y e l l o w ,  w e l l -  

melting point of DBPPDA prepared by a d i f fe ren t  route. 

3. (DA-29-145) Reaction of Benzaldehyde and Di- (3-~enty l id ine) -~-  
phenylenediamine. 

Benzaldehyde 2.12 g. (0.02 mole) and 2.44 g. (0.01 mole) di-(+pentyl- 

idine)-p-phenylenediamine were mixed together i n  a 50-rnl. beaker. Within a 

few minutes the  color of the reaction mixture had deepened f ran  yellow t o  

light orange. As the mixture was s t i r r ed ,  an evolution of heat was noted, 

together with the odor of diethylketone. After ten minutes  

the reaction mixture became sol id .  The beaker vas placed on a steam bath and 

heated fo r  one and one-half hours, and the resu l t ing  product was then dried i n  

7 
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a vaccum desiccator. 

talline product which melted a t  160OC. 

of DBPPDA. The y ie ld  of product a f t e r  recrys ta l l iza t ion  was 47.2%. 

Recrystall ization from 95% ethanol gawe a yellow crys- 

This melting point is ident ical  t o  that 

B. DiSCUSSiOiI. 

Both prototype reactions studied indicate  t h a t  the nev ketanfi IpoL1amers 

The reactions occur amo~thly at   TOO^ temperature or have a high react ivi ty .  

s l i g h t l y  above, to  yie ld  the'deslred products. 

clearly the superior reac t iv i ty  of selected aranat ic  aldehydes over the ali-  

phat ic  ketones in the carbonyl Schiff base exchange reactloas,  

also demonstrate the great f a c i l i t y  and generali ty of the carbonyl exchange 

reaction. 

pounds to  be especialry e f fec t ive  as moL1cmers in polymerieatioae. 

These reactloas indicate  

The reactions 

On the basis of these prototype reactions one may expect these cam- 

8 



IV. Polymerization Reactions. 

In t h i s  phase of research, further studies were conducted along the l i nes  

In some cases, 
Y 

of research described and carr ied out i n  the previous rep0rt . l  

however, s ignif icant  changes were made i n  the experfmental techniques used in 

the  polymerization reactions,  

. - 
.L 

Newmongners were a l so  synthesized and intro-  

duced i n to  the polymerizations, thereby increasing the number of routes t o  the 

preparation of aromatic conjugated Schiff base polymers. 

A, Polymerizations of Diemines and Dialdehydes, 

Sane Schiff base polymers have been prepared previously by t h i s  method, 

t ha t  is, by the condensation of a sui table  diamine and dialdehyde w i t h  the 

elimination of water: 13 

c 
Polymers obtained by t h i s  method are law molecular w e i g h t ,  yellow, insoluble, 

infusible solids.  Attempts were made t o  improve the react ion i n  order t o  

a t t a i n  higher molecular weights. It was decided that the  main cause of low 

molecular weight polymers i n  t h i s  reaction was due t o  ear ly  prec ip i ta t ion  of 

the polymer fram the reaction system. A nowhomogeneous reaction system is 

thus obtained which effect ively inhibits fur ther  polymerization. It vas be- 

l ieved that i f  a su i tab le  solvent could be found, the  react ion could be pro- 

pagated t o  higher molecular weights. Benzalaniline and dirnethylformamide 

were selected and evaluated as solvents fo r  the condensation reactions. 

a. (DA-29-129) Condensation-Melt Polymerization Using Benzalaniline. 
(Repeat of M-29-67) 

Ten grams of benzalaniline @A) and 1.08 g.  (0.01 mole) PPDA were mixed 

thoroughly in a S o d .  round-bottomed microflask. The microflask was  heated 

by means of a metal bath t o  120°C and then 1.34 g. (0.01 mole) TA were added 

9 
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12 

10 

10 

10 

240 am 
240 atm 
240 140.0 mn 

320 0.5 mp 

t o  this reaction mixture, 

nitrogen in l e t ,  condenser, and receiver. 

The flask was then f i t t e d  w i t h  a d i s t i l l i n g  bead, 

Eeating was continued according t o  

the schedule of Table 3. 

Table 3 

Temp- 
'C 

120-200 

220 

260 

290 

2 9 0  

Pressure 

am 

atm 

atm 

atm 

140 ma 

Water and BA were recovered in the receiver and the react ion flask yielded a 

du l l  brown material which was ncm-fusible. Yield of polymer obtained was 

107.8% of the theoretical. 

b. CDA-29-131) Further Modification of DA-29-129 and DA-29-67. 

The same quant i t ies  of reagents and the  sane mode of addition were used 

in t h i s  e x p e r m n t  as were used previously. The t h e e  and temperatures used 

in the  polymerization step, however, were modified, The schedule used during 

the reactfon is given in Table 4. 

Table 4 

When the  reaction w a s  tenninated, a brown-black polymer vas obtained which was 

10 
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porous and infusible.  

recovered i n  the reaction. 

Due t o  mechanical losses only 0.95 g. of polymer was 

c. (DA -29-195) Reaction in DMF, 

PPDA 1.08 g. (0.01 mole) was added t o  a small round-bottcuned f lask  con- 

ta ining 50 ml.  dimethylformamide and 1.34 g. (0.01 mole) TA. 

adding the amine, the solution became yellow-orange. Gradua2ly the color  

deepened i n t o  dark orange. 

the react ion mixture refluxed fo r  two and me-half hours. Five minutes a f t e r  

the beating began a yellow precipi ta te  formed i n  the reaction mixture. 

amount of prec ip i ta te  increased during the period of reflux, accompanied by a 

decrease i n  the orange color of the solution. 

hours, most of the dimethylformamide was removed by d i s t i l l a t f o a .  

d i s t i l l a t i o n ,  dimethylamine, which u8s assumed t o  have been produced by amide- 

exchange during the  reaction, was detected as a non-condensing gas. 

major portion (about 80%) of the MIP was collected, the  polymer was i so la ted  

by f i l t r a t i o n  and dr ied in a drying oven f o r  four hours; 2.42 g. (117% yield) 

of an orange polymer was obtained. 

fmnediately upon 

The flask was f i t t e d  with a reflux condenser and 

The 

Then, a f t e r  two and one-half 

During the 

Uhen the 

To the DW-uater f i l t r a t e  there was added 20 ml.  benzene and the mixture 

The water uhich azeotroped with the benzene was measured and was azeotroped. 

found to be 0.301 g, or 83.6% theory. 

2. Discussion. 

It has been shown by the above experiments that even the  condensation 

reaction which previously gave only yellow low-molecular-wight polymers may 

be carr ied t o  higher molecular weights by the use of an appropriate solvent, 

Comnoo solvents, such as benzene, ethanol, and DMF f a i l  t o  solvate  the growing 

chain t o  any s igni f icant  extent. Thus, premature prec ip i ta t ion  of the  polymer 

occurs, resu l t ing  i n  e f fec t ive  termination of polymerization at  the limit of 

11 
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s o l u b i l i t y  i n  the solvent. The result ing polymers themselves are b r i t t l e ,  

porous, infusible  meterials which are  a l s o  insoluble i n  co~pmon solvents. 

Benzalaniline, however, which is st ructural ly  like the  polymer i t s e l f ,  appears 

t o  be an ef fec t ive  solvent for  the  reaction. Polymers obtained i n  those cases 

where BA was used are usually found t o  have incorporated some of t h i s  substance, 

as indicated by y ie lds  i n  excess of 100%. 

B. Amine Exchange Polmerieations,  

As described earlier,' it has been found possible t o  replace the amino 

moiety of a Schiff base with a different  amine in a reaction we have termed 

an amine Schiff base exchange reaction. I f  a difunctional amine reacts with 

a bis-schiff base of a dialdehyde and a monomine, polymers a r e  obtained, as 

shown i n  equation 7 : 

The polymers obtained in this reaction are ident ical  with those produced 

by the condensation reaction except for the end groups. 

merizations were carried out both by melt-solution techniques, in which the 

Amine exchange poly- 

monomers are melted together i n  t h e  presence of BA, and by s t r a igh t  solut ion 

techniques, 

1. Experimental. 

a. Solution Polymerizations. 

BenzalaaSline was used in these systems after having found that the sim- 

p l e  m e l t  polymerization of PPDA and p-xylylidinedianil (PXDA) resul ted i n  the 

formation of low molecular weight yellow-brown oligomers, To increase the 

molecular weight, W was added i n  these polymerizations as a solvent t o  provide 

a homogeneous medium i n  which the polymer could propagate. 

12 
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Time 
(hours 1 

4 

L. (DA-29-135) Reaction of PXDA with PPDA in the  Presence of Bent- 
alani l ine.  (Repeat of DA-29-63 and DA-29-65) 

Using the same polymerization apparatus employed i n  the above condensation 

polymerizations, 2.84 g. (0.01 mole) PXDA, 1.08 g. (0.01 mole) PPDA and 3 g. 

BA were mixed together. 

apparatus, the  mixture was heated, using a metal bath under the conditions 

After placing the reagents i n  the polymerization 

T=P.  
O C  

160 

given i n  Table 5.  
Table 5 

atm 
atm 
am 
140 Iml 
0.1 nnl 

r 

As the  polymerization was continued, the 

15 

10 

15 

10 

250 

310 

3 30 
350 

s h i f t  i n  color fran yellow t o  red t o  brown to black. 

of the reaction t i m e ,  was a black, very b r i t t l e ,  shiny polymer, which melted 

and foamed considerably when held on a spatula i n  the flame of a bunsen burner. 

The weight of polymer obtained was 3.79 g., which exceeded 2.06 g. calculated 

for  the theoret ical  yield.  The yield of product obtained indicates t h a t  a l l  

of the BA and by-products of the reaction had not been completely removed. 

The polymer, at the end 

ii. (DA-29-139) Modification of DA-29-135. 

Experiment DA-29-135 wa8 repeated using the same quant i t ies  of reagent6 

and apparatus, but with the modification shown in Table 6. 

polymer, 2.44 g,, was obtained having both dull 'and shiny portions. 

polymer w a ~  in fus ib le  even a t  bunsen flame temperatures, and the amount of 

by-product material retained in  the polymer was considerably less than before. 

A coal black 

This 

13 



Table 6 

. - 
- *  
i . 

.. 

. 

Tipae 
(hours) 

~ 

4 
10 

10 
12 

10 

Temp. 
OC 

160 
260 

340 
340 
340 

b. Other Solution Polymerizations. 

Pres sure 

atm 
atm 

atm 

160.0 ma 

0.3 mp 

Several of the amine exchange polymerizations were performed i n  the 

presence of solvents other than benzalaniline. 

a s  examples of high- and low-boiling solvents. 

out in order t o  determine whether or not the  polymerization would proceed at  

l o w  temperatures, and i f  the polymerization did occur, would the polymer 

obtained by t h i s  method be any different  than the polyrners obtained by the 

m e l t ,  or  melt-solution methods. Accordingly, the following experiments w e r e  

performed. 

Benzene and t e t r a l i n  were used 

These experiments were carr ied 

i. (DA-29-167) Reaction of PPDA and PXDA i n  Boiliw Benzene. 

A mixture of PXDA 2.84 g. (0.01 mole) and 1.08 g. (0.01 mole) PPDA were 

dissolved i n  200 ml. benzene. Then, the reaction mixture w a s  refluxed f o r  

about one hour. No reaction appeared t o  be taking place, so 0.002 g. p- 

tolueaesulfonic acid was added a s  a ca ta lys t .  

flocculent prec ip i ta te  was observed i n  the reaction mixture. 

f o r  twelve hours, the reaction was discontinued and the yellow l o w  molecular 

weight oligomer was f i l t e r e d  o f f ;  2.31 g. of product (112% theoret ical)  was 

obtained 2.n t h i s  manner. 

fo r  another twelve hours and upon cooling the solution, two products were 

Within a short  t i m e ,  a yellow 

After refluxing 

The yellow f i l t r a t e  from the reaction was refluxed 

14 
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obtained. The f i r s t  was a 

bas i s  of infrared spectra,  

greenish, amorphous so l id  which appeared on the 

t o  be H 2 N ~ k C H @ C H = N @ W 2 ,  - - The second 

material  was a well-defined c lear  orange c rys t a l l i ne  substance which, upon 

standing, became opaque. The infrared spectrum showed strong peaks i n  the 

carbon-nitrogen double bond and in the phenylene region. Peaks a t t r i bu tab le  

t o  mono-subs t i t u t ed  

t ion ,  the following 

phenyl groups were absent. On the basis  of this informa- 

s t ruc ture  is considered possible f o r  the second compound: 

ii. (DA -29-1701 Modification of DA-29-167 Using a More Dilute System. 

Five millimoles each of the reagents i n  300 m l .  benzene were refluxed 

without a ca ta lys t  fo r  twelve hours. 

weighing 0.95 g., was obtained. 

i den t i f i ab le  a s  Schiff base peaks. 

grams of p-toluenesulfonic acid was added t o  it as a ca ta lys t ,  frrmediately 

upon adding the  ca ta lys t ,  the  solution became cloudy and a tan material  pre- 

c ip i ta ted .  

the end of t ha t  t i m e  0.21 g. of a tan prec ip i ta te  was collected by f i l t r a t i o n .  

Comparison by infrared spectroscopy of t h i s  material with the yellow substance 

obtained before by infrared showed t h a t  both spectra  contained the  same peaks. 

It was concluded that the tan  compound had a higher molecular weight than the 

yellow compound. 

A yellow amorphous powdery substance, 

This material had a la rge  number of peaks 

The f i l t r a t e  was isolated and 2 m i l l i -  

This solution was now refluxed for  another twelve hours, and a t  

When both of the compounds were heated, they melted, slowly changed 

color,  and became black. 

15 



ii. (DA-29-173) Attempted Further Polymerization of DA49-167 i n  Tetral in .  

One gram of the yel low polyrner obtained i n  experiment DA-29-167 was 

placed i n  a 150 m l .  of t e t r a l i n  and the mixture was heated t o  reflux. 

twenty-seven hours of ref lux the boiling t e t r a l i n  solution became homogeneous, 

a l l  of the yellow polymer went in to  solution. When the  reaction was cooled, 

a yellow substance precipi ta ted which appeared no di f fe ren t  than the s t a r t i n g  

material, Upon drying and veighing 0.97 g. polymer w a s  recovered. 

trate, when examined, exhibited fluorescence. 

After 

The f i l -  
l 
I 

I 

2 , Discussion. 

It has been shown tha t  benzalaniline, when used i n  an amine exchange 

melt-solution polymerization, enables the reaction t o  proceed t o  a higher 

degree of polymerization than when it is  absent. 

I 

~ 

The function of BA appears I 

t o  be t h a t  of a solvent which, by solvating the growing polymer chains, keeps I 
the  polymer i n  solution, thus enabling them t o  propagate t o  higher molecular 

weights. It is recognized also,  the e f f ec t  of BA may not be en t i r e ly  due t o  

i ts  solvent properties.  

BAmay be a reactant as w e l l  as acting as a solvent, 

1 

In such systems as the Schiff base exchange reactions,  

A reaction may take place between BA and one of the  monaners before or 

For example, i n  the amine exchange, PPDA during the actual polymerization. 

may react  with BA i n  a separate amine exchange t o  give dibenzylidene-p- 

phenylenediamine, or mono benzylidene-p-phenylenediamine, thus: 

Reaction of one or  both of the products of t h i s  reaction w i t h  PXDA amy lead 

t o  the polymer, 

o r  telomerized by phenyl groups derived f ran  BA. 

Thus, the f ina l  polymer would be expected t o  be terminated 

16 
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Solution polymerizations of PPDA and PXDA yield,  as expected, law mle- 

c u l a r  weight oligomers. 

control on molecular weight of the polymer i n  solution polymerizations. 

extent  of polymerization is effectively r e s t r i c t ed  by the so lub i l i t y  of the 

polymer i n  the solvent. The expected increase i n  molecular weight with in- 

creased temperature was  not observed i n  the case of high boiling t e t r a l i n .  

Solubili ty seems t o  be the factor  tha t  exer ts  a major 

The 

The oligomers obtained by solution polymerization differed s igni f icant ly  

from low molecular weight polymers produced by previous methods. 

polymers were warmed s l igh t ly ,  they melted, readily changing color, and could 

be car r ied  t o  a dark, high molecular weight product by continued heating a t  

higher temperatures. 

OX react  s ign i f icant ly  when heated and the products obtained were not black 

but yellow. Solution polymerizations, therefore, y ie ld  Low molecular weight 

polymers with reactive end groups which can fur ther  react  t o  give higher mole- 

cu lar  weight products. 

When these 

Yellow oligomers obtained by other methods did not m e l t  

C . Carbonyl Exchange Polymerizations. 

Prototype s tudies  conducted on the exchange reaction between aldehydes and 

Schiff  bases indicated tha t  t h i s  reaction occurs with about the same f a c i l i t y  

as the amine exchange reaction. Several m e l t  polymerizations were performed 

and reported previously. These polymerizations w e r e  repeated again under 

d i f fe ren t  conditions t o  find improved conditions fo r  the preparation of poly- 

mers by t h i s  exchange method. 

phenylenediamine @-2-PPPDA) and di-(3-pentylidine)-p-phenylenediamine 

(D-3-PPPDA) w e r e  a l so  used i n  carbonyl exchange polymerizations, thus extending 

the scope of the reaction. 

and solut ion polymerizations were also investigated. 

1 

The two new monaners, di-(2-penty1idine)-p- 

As i n  the amine exchange reaction, melt-solution 

17 
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Time 
(hours) Temp. 

*C 

1. Experimental. 

Pressure 

a. Melt Polymerizations. 

2 
2 

4 
10 

i 

. 
I -  

1 60 atm 

200 atm 

260 atm 

320 atm 

I -  

10 

I .  

360 1 m n  

The react ion between TA and DBPPDA is given i n  equation 9, 

n Q - ~ ~ @ - ~ @  + n O C E ~ C H O  4 

1 Experiment DA-29-40, which was reported 

mine whether the react ion could be improved by varying the  conditions of 

previously, was repeated t o  deter-  

temperature, pressure and time. 

i. (DA-29-123) Reaction of TA and DBPPDA. (Repeat of DA-29-40) 

The following quant i t ies  of reagents w e r e  placed i n  a 50 m l .  round- 

bottomed f lask:  1.34 g. (0.01 mole) TA and 2.84 g. (0.01 -le) DBPPDA. Using 

the usual polymerization apparatus consisting of react ion f lask,  d i s t i l l a t i o n  

head, nitrogen i n l e t ,  condenser, and receiver, the react ion mixture was 

heated by means of a metal bath. 

zat ion are given i n  Table 7. 

The conditions used during the polymeri- 

Table 7 

A porous brown polymer, weighing 2.10 g. (̂ .loox of theory), which had a 

The polymer was in fus ib le  and insoluble in yellow in t e r io r ,  was obtained. 

c011p~on s ol  vent 8 .  

18 



- . 
r. 

290 

340 
340 
340 

ii. (M-29-132) Modification of DA-29-123. 

Reaction DA-29-123 was repeated, except that the conditions of polymeri- 

zat ion were changed t o  those l i s t ed  i n  Table 8 .  

Table 8 

atm 

atm 

140.0 llpl 

0.5 mn 

4 
15 

10 

10 

10 

The reaction product was a black-brown porous so l id  weighing 2.06 g. (~'100% 

yield) .  P a r t i a l  foaming and burning took place when the polymer was heated 

a t  bunsen flame temperatures. 

iii. (DA-29-110) Reaction of D-3-PPPDA with TA. 

I n t o  a 50 m l .  round-bottomed f lask was placed 4.88 g. (0.02 mole) of the b i s -  

Schiff  base D-3-PPPDA and 2.68 g. (0.02 mole) TA. As the two compounds were 

mixed, they changed color from yellow t o  orange t o  deep orange. Heat was 

evolved and the viscosi ty  of the resul t ing solut ion increased. Within one- 

ha l f  hour the mixture had beccxie sol id  and the f l a sk  was converted t o  a melt 

polymerization system. The reaction mixture vas heated a t  110-120°C a t  atmos- 

pheric pressure fo r  two hours, during which period, 1.52 g.  of the l ibera ted  

ketone wali.collected. Heating was  continued for  sixteen hours, over which 

period the temperature w a s  raised slowly t o  350°C. Then, the so l id  product 

was  heated fo r  three hours a t  the same temperature a t  7 UGI Hg t o  remove the 
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Time 
(hours) 

8 

10 

11 

6 

# 

I * -  
I *  

Temp- 
OC 

120 

220 

220 

220-310 

non-polymeric materials. When the residue was examined, it was found t o  con- 

t a i n  a rnulticolored material composed mainly of brawn sections with some areas 

of black. The polymer crumbled ea8ily and was not tough. Some white c rys ta l s  

which had collected i n  the d i s t i l l i n g  head during the heating were examined 

and found by the i r  k l t i n g  point t o  be unreacted TA. The..weight of polymer 

obtained was 4.45 g., compared t o  the calculated theoret ical  weight of 4-12 g. 

iv .  @A-29-115) W i f i c a t i o n  of DA-29-110 Usinn Excess D-3-PPPDA. 

The bis-Schiff base, D-3-PPPDA, 11.32 g. (0.042 mole) was combined with 

4.51 g. (0.03 mole) TA i n  a 100-ml. round-bottomed f lask  and the mixture poly- 

merized. The conditions used i n  this polymerization a r e  given in Table 9. 

Table 9 

At t he  end of the th i r ty- f ive  hours of reaction time, 8.24 g. of a black 

shiny polymer were obtained. 

v. (DA-29-116) Modification of DA-29-110 Using Different Conditions. 

Instead of the conditions used i n  DA-29-110 the modifications given i n  

Table 10 were used. 
Table 10 

20 
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(hours) Pressure OC 

1 : 

Time Temo- 

2 1 30 

2 210 

10 260 
10 320 

Diethyl ketone was collected in  the receiver during the period of polymeri- 

atm 

atm 
a trn 

0.1 mm 

zation. A t  the end of the six hours of reaction, a 104% yield of a m u l t i -  

colored polymer was  obtained, The polymer w a s  composed of yellow-brown amor- 

phous and glassy regions. 

V i .  (W-29-122) Further Modification of DA-29-110. 

U s i n g  equivalent quant i t ies  of dialdehyde and bfs-Schiff base, the poly- 

merization was performed under the conditions given i n  Table 11. 

Table 11 

The polymer obtained i n  t h i s  reaction was a aul t icolored,  yellow-brawn, in- 

fus ib le ,  insoluble solid.  The yield of polymer was 11OZ of theory, 

vi i .  (DA-29-141) Spontaneous Polymerization of D-3-PPPDA and TA. 

The bis-Schiff base, D-3-PPPDA 2.44 g.  (0.01 mole) and 1.34 g. (0.02 mole) 

TA were placed i n  a small beaker and mixed vigorously. Ketone rapidly evolved 

and the reaction w a s  noticeably exothermic. After f i f t e e n  minutes the reac- 

t i on  mixture became a so l id  mass. The reaction was allowed t o  stand approxi- 

mately twelve hours a f t e r  which the yellow-orange polymer was  extracted with 

95% ethanol fo r  forty-eight hours. The extracted polymer vas orange-brown in 

color and weighed 2-10 g. a f t e r  drying. 

100%. 

The y ie ld  was s l igh t ly  greater  than 

Analysis: Calc'd f o r  n =c*o : C, 81.60; H, 4.85; N, 13.60. 

Found : C, 77.513; H, 5.36; N, 12.45. 
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Time Temp. 1 (hmx3) 1 O C  

2 1 60 

2 200 
4 260 

10 320 

b. Solution Polymerizations. 

Since d i f f i c u l t y  was experienced i n  obtaining a black polymer in the  m e l t  

Pres sur  e 

a m  

atm 

atm 

atm 

4 

polymerization, it was decided t o  evaluate benzalaniline as a solvent fo r  the 

10 

10 

reactions.  

320 1 r a m  
600 5lUB 

i. (DA-29-125) Reaction of DBPPDA and TA i n  the Presence of BA. 

(Repeat of DA-29-61 and DA-29-62) 

The sane general polymerization apparatus was used t o  polymerize 2.84 g. 

(0.01 mole) DBPPDA and 1.34 g. (0.01 mole) TA i n  3 g. BA. The conditions used 

are given i n  Table 12. 
Table 12 

When the reaction was terminated, 2.51 g. (112% theoretical)  of a porous 

black polymer w i t h  a brown in te r ior  was  obtained. The polymer was fus ib le  

and soluble i n  concentrated acetic,  formic, and su l fu r i c  acids. 

ii. @A-29-112) Polymerization of D-2-PPPDA and TA Using BA. 

The bis-Schiff base, D-2-PPPDA, 4.88 g. (0.02 mole) and 2.86 g. of TA 

were combined i n  a smell round-bottomed f lask.  

with a d i s t i l l i n g  head, nitrogen inlet, condenser, and receiver. 

was  warmed s l i g h t l y  w i t h  a small flame from a bunsen burner u n t i l  a hamo- 

geneous solut ion was obtained. 

t o  red. 

The f l a sk  was then equipped 

This mixture 

The color of the solut ion changed f r m  orange 

The reaction apparatus was lowered in to  a metal bath heated t o  140°C,  

c 
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c 

160 
220 

300 

320 
320 
320 

360 

and the temperature was slowly raised t o  265OC over a period of two hours, 

and then maintained a t  t h i s  temperature f o r  ten and one-half hours, 

Next, the pressure was reduced t o  100 rn and the temperature was raised 

t o  325OC. There was collected 2.10 g. 2-pentanone, together with a very small 

amount of water. 

f lask.  

reduced the weight t o  6.96 g. 

A black mater ia l  weighing 7.3 g. remained in  the reaction 

Continued heating of the polymer f o r  an additional two hours a t  325OC 

The polymer was ground t o  a f ine  powder and extracted w i t h  95% ethanol 

The polymer obtained a f t e r  by means of a Soxhlet ex t rac tor  for three days, 

t h i s  treatment was chocolate brown i n  color and weighed 6.13 g. 

polymer was now 149% on the basis of the  amount of D-2-PPPDA used, 

Yield of 

iii. (DA-29-121) Modification of DA-29-112. 

The amaunt of reagents used i n  t h i s  experiment were ident ical  t o  those 

The conditions of polymerization were modified as given used i n  DA-29-112. 

atm 

atm 

340 mm 
140 UQ 

1 l U D  

1m 

A 

i n  Table 13. 
Table 13 

Pressure (hours) --i 10 

10 

The resul t ing polymer was  black and w a s  produced with a lower yie ld  (114%) 

than that of DA-29-112. It was also found tha t  the polymer was soluble in 

concentrated formic and su l fu r i c  acids. 
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t 4 

Pressure Time Temp. 
(hours) OC 

4 160 atm 

I -  
l k  

15 
10 

15 
10  

I .,: 

2 30 atm 
280 atm 

300 140.0 nm 
320 0.1 mp 

L 

, 

a t m  

. 

iv. rn -29-136) Further Modification of DA-29-112. 

The conditions of this reaction are shown i n  Table 14. 

A yellow-brown porous polymer, weighing 6.50 g., was recovered a t  the end of 

the  reaction, Examination of the polymer showed that it was fus ib le  and that 

it underwent considerable foaming when heated t o  about 320%: 

V. @A -29-138) Further Modification of DA-29-112. 

A mixture of D-3-PPPDA, 2.66 g. (0.01 mole), 1.34 g. (0.01 mole) TA, 

and 4 g. 3A were subjected t o  the  carbonyl exchange polymerization using the  

conditions given i n  Table 15. 
Table 15 

I (hours) Pressure 
I I I 1 

4 
10 

160 
270 

A hard black polymer which was tough and infusible  was recovered from the  

react ion f lask.  Weight of the  polymer was 3.41 g. or  166% theoret ical .  

c. Other Solution Polymerizations. 

Two experiments were  conducted t o  determine whether the carbonyl exchange 
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polymerization would occur readily i n  solution. Two solvents, benzene and 

a c e t i c  acid,  were selected for use as examples of polar and non-polar sol- 

vents. 

i. @A-29-174) Solution Polymerization i n  Benzene of TA and DBPPDA. 

Equivalent quant i t ies  (0.01 mole) of TA and DBPPDA were placed in a round- 

bottomed f lask  containing 200 m l .  benzene. 

for seventy-two hours. No change in the solut ion occurred during t h i s  time, 

Two m i l l i g r a m s  of p-toluenesulfonic acid were added and m e d i a t e l y  a yellow 

p rec ip i t a t e  formed i n  the solution i n  the region of the ca ta lys t .  Reflux was 

continued fo r  ten  hours, and when the reaction was cooled, 0.76 g. of a 

yellow so l id  precipi ta ted from the solution. 

found t o  undergo fur ther  

heating. 

This react ion mixture was refluxed 

The i so la ted  prec ip i ta te  was  

condensation, as indicated by color change, on 

ii. @A-29-107) Reaction of D-2-PPPDA and TA i n  Acetic Acid, 

One hundredth of a mole of D-9-PPPDA (2 .44  g.) and 2s ad. g lac i a l  acetic 

Then 1.34 g. (0.01 m o l e )  TA was added. ac id  were mixed together i n  a beaker. 

As the mixture was s t i r r e d  it turned dark red, heat was  generated and the c i s -  

cos i ty  of the solut ion was increased greatly.  

tine the react ion mixture  sol idif ied.  The so l id  polymer was  f i l t e r e d  off and 

washed with ethanol and d i s t i l l e d  water. The f i n a l  product was dark brawn and 

appeared t o  be impure. 

After s t i r r i n g  f o r  a shor t  

No e f f o r t  was made t o  purify the product further.  

2. Discussion. 

The m e l t  polymerizations using the  carbonyl exchange generally gave poly- 

mers i n  which only p a r t i a l  conversion t o  polymer was obtained. The m e l t  poly- 

merization using the ketonanil monmers and 

carbonyl exchange by undergoing spontaneous 

perature.  The a b i l i t y  of these monomers t o  

TA showed the expected ease of 

m e l t  polymerizatims a t  room tem- 

undergo exchange readi ly  confirms 
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the  p r io r  conclusion t h a t  reac t iv i ty  a s  w e l l  as  v o l a t i l i t y  of products are the 

main fac tors  control l ing y ie lds  i n  exchange reactions.  

these monomers provides substrates with r e a c t i v i t i e s  which a r e  f a r  greater  than 

the corresponding benzylidene derivatives.  

The development of 

Polymers which are obtained by both spontaneous m e l t  polymerization and 

solut ion polymerization using ace t ic  acid are orange products. 

heating, these polymers have already reached a degree of polymerization which 

exceeds any t h a t  can be obtained by a simple condensation reaction. It is 

i n t e re s t ing  a l s o  t o  note tha t  appropriate aromatic aldehydes a re  much more 

ac t ive  than a l ipha t i c  ketones i n  Schiff base exchange reactions,  and tha t  they 

w i l l  replace them e a s i l y  from the i r  compounds. 

Without 

Some d i f f i c u l t y  was experienced i n  attempting t o  produce a black polymer 

by a reaction between the bis-ketonanils and TA i n  m e l t  polymerization. 

BA, black polymer could be obtained but re tent ion or incorporation of t h i s  

substance l ed  to yields  i n  excess of 100%. 

Using 

The solut ion polynerization of TA and DBPPDA using benzene a s  the solvent 

was  shown t o  give yellow polymers only when catalyzed by p-toluenesulfuric acid. 

Polymers obtained i n  t h i s  manner are  capable of fur ther  condensation t o  give 

black polymers when they are  melted, thus indicat ing they are of low molecular 

weight polymers possessing reactive end groups. 

D. Bis-Schif f Base Exchange Polymerizations. 

When two bis-Schiff bases react,  one containing an aromatic dialdehyde 

moiety and the other an aramatic diamino moiety,  the resu l t ing  product is a 

s t ab le  non-volatile poly-Schiff base. 

t h i s  react ion combine together t o  give rise t o  two equivalents of a more sim- 

ple  v o l a t i l e  Schiff  base. 

buted t o  two factors; the formation of a very s t ab le  polymeric Schiff base and 

The end groups which are displaced i n  

The driving force fo r  t h i s  react ion can be attri- 
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Time 
(hours) 

2 

2 

4 
10 

10 

10 
I 

the removal of the simple vo la t i l e  Schiff base by d i s t i l l a t i o n .  Monomers in 

which the react ive groups of the  diamine and dialdehyde a r e  t i e d  up by aromatic 

phenyl-CH= or phenyl-N= groups have been discussed i n  a previous NASA report. 

Further s tudies  using these monmers a re  included i n  t h i s  report .  The use of 

monomers i n  which alkyl  groups are used t o  block the amino functions have 

not been previously reported. The new monomers, D-3-PPPDA o r  D-2-PPPDA were 

used i n  the b i s  exchange polymerization and the r e s u l t s  obtained compared with 

t h a t  obtained from completely "aromatic" monomers. 

1 

1 - Experimental. 

a. M e l t  Polymerization. 

i. (DA-29-124) Reaction of DBPPDA and PXDA. 

A d x t u r e  of DBPPDA 2.84 g.  (0.01 mole) and 2.84 g. (0.01 mole) PXDA were 

placed i n  a SO-ml. round-bottomed f lask  equipped with the usual accessories 

required fo r  d i s t i l l a t i o n  polymerization. The conditions given i n  Table 16 

1 

Pres  sure Temp- 
OC 

160 atm 

200 atm 

260 atm 

320 atm 

320 1nnn 

400 5UZll 

were used during the polymerization. 

Table 16 
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2 
5 

10 

10 

10 

10 

ii. (DA-29-128) Modification of DA-29-124. 

The same procedure as described i n  DA-29-124 was used i n  t h i s  polymeri- 

The reaction was modified with the conditions of time, temperature, zation. 

180 a m  
220 a t m  

250 atm 

280 a m  

280 140 ann 

260 7nrm 

and pressure given in Table 17. 

Table 17 

1 *To I Pressure 

A t  the end of the reaction, a yel low polymer w a s  recovered i n  a 141% 

yield.  

gomer on a spatula i n  the flame of a bunsen burner, whereby fur ther  condensla- 

t i on  occurred readily,  yielding a black foamed polymeric sol id .  

The reaction was incomplete, as was shown by heating the yellow ol i -  

iii. (DA-29-130) Modification of DA-29-124 Using Higher Polymerization 
Temperatures, 

A very hard, black polymer which was glass-l ike i n  appearance w a s  produced 

using the same mounts of reagents and equipment as  i n  DA-29-124 under the 

conditions given i n  Table 18. 
Table 18 

I Pres sure  Time I (hours) 
~ 

4 
1 2  
15 
10 
10 
10 

200 
260 
2 60 
2 60 
320 
360 

atm 
atm 

140.0 lIpn 

140.0 um 
5.0 mm 
0.5 mn 
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A t  the end of the reaction time, 2.46 g. (118% yield) of the polymer was re- 

Time Temp. 
O a r s )  OC Pressure 

. 

12 320 atm 

cove red. 

I 

I 11 320 

6 320 
45 420 

e .- 

20.0 Illcn 

1.5 uml 

1.5 am 

3.5 

2.5 

12.0 

3.0 1 

iv .  (M-29-149) Modification of DA-29-124, an A t t e m p t  t o  Reduce the Yield. 

Table 19 gives the conditions used i n  the reaction which were the most 

240-300 atm 

300 140 mn 
360 140 nmr 
360 1 m  

severe used i n  these studies.  

Table 19 

i 

A near-to-theoretical y ie ld  resulted from the conditions of this experiment 

and 109% of theory of a black polymer was obtained. 

v. (DA-29-186) Reaction of Dibenzylidine-m-phenylenediamine i n  PXDA. 

The two monomers, 2.84 g. (0.01 m o l e ) ,  w e r e  mixed together and then 

placed i n  a 500 ml.  round-bottomed f lask.  The f lask  was  equipped for  d i s t i l -  

l a t i o n  polymerization and the reaction f lask was inmersed in a molten metal 

bath fo r  the polymerization. The conditions of the reaction are given in 

Table 20. 
Table 20 

Pressure (hours) 

200-240 
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During the  reaction BA was collected i n  the receiver. A t  t he  end of the 

Time 
(hours) 

? 

Temp. Pressure *C 

reaction a shiny glass- l ike black polymer, yield of 125%, was i so la ted  from 

the reaction flask.  

v i .  (DA-29-117) Reaction of D-3-PPPDA and PXDA. 

The reaction is given as: 

The bis-ketonanil, 4.88 g. (0.02 mole) and 5.68 g. (0.02 mole) PSDA 

were treated a s  in the previous experiment. The conditions used during the 

polymerization a re  given i n  Table 21. 

Table 21 

5 
6 

270 
340 

attn 

160 Tmn 

The resul t ing polymer of t h i s  reaction consisted of two par t s ,  a foamed 

lowdensi ty  material and a so l id  glassy material. 

was heated fur ther ,  it foamed un t i l  it a l so  resembled the f i r s t  par t .  The 

When the glassy material 

y ie ld  of polymer obtained was 133%. 

means of in t ra red  it appeared t o  contain a mixture of compounds, but  was mostly 

ani l ine.  

When the d i s t i l l a t e  w a s  examined by 

No peaks a t t r ibu tab le  t o  diethylketonanil were found. 

v i i .  (DA-29-119) Modification of DA-29-217. 

'ihe reaction, DA-29-117, was repeated, varying only the conditions of 

polymerization, a s  given i n  Table 22. 
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Table 22 

10 
2 

1 

1.5 
0.5 

c 

2 90 abn 

290 atm 

270 340.0 nm 
270 140.0 mn 

300 1.7 mm 

Time 
&ours 1 

10 

4.5 

3 
1 7  

The y ie ld  of polymer i n  t h i s  reaction was 14696, indicating tha t  large 

Temp. 
OC Pressure 

325 atm 

32 5 140.0 mm 

325 1.7 mn 
360 1.7 mn 

amounts of the  monomers remained unreacted, or tha t  the polymer had incorpo- 

ra ted i n  i t  a large amount of by-product. The color of the react ion product 

was brown-black, a l s o  indicating incomplete reaction. 

v i i i .  (DA-29-120) Repeat of DA-29-117. 

The conditions used in  t h i s  polymerization are given i n  Table 23. 

Table 23 

In t h i s  experiment, the yield of black polymer was 11Q%, and considerable 

foaming of the polymer was noted when t h i s  fus ib le  polymer was heated on a 

spatula  a t  bunsen flame temperatures. 

ix. (DA-29-139) Further Modificatiori of DA-29-117. 

The temperature of t h i s  reaction was higher than tha t  of DA-29-117, and 

the  t i m e  of reaction was  increased t o  produce an infusible  polymer. The modi- 

f i ed  conditions a re  given in  Table 24. 
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Table 24 

Temp. 
O C  

220 

310 
320 

320 
380 
380 

Pressure 

atm 

am 
140.0 lm 

1.0 nm 
1.0 mm 

0-5  mm 

Temp. 
O C  

-~ 

Pres sure 

220 

31 0 

320 

320 
380 

380 

~ 

am 
atm 

140.0 mo 

1.0 lllil 

1.0 mm 

0.5 ran 

4 

15 

I 10 
14 

25 

20 

A black, porous, non-fusible polymer, weighing 1.73 g., 84% yie ld  was 

obtained i n  t h i s  experiment- 

have taken place during the reaction. 

b, Solution Polymerizations. 

i. (DA-29-140) Reaction of D-3-PPPDA. 

Benzalaniline, 3 g., were added t o  a mixture of 2.44 g. (0-01 mole) b is -  

Some vo la t i l i za t ion  of the reagents appeared t o  

The d i s t i l l a t e  cgntained only ani l ine.  

ketonanil and 2-84 g. (0.01 mole) PXDA. The reaction mixture was then poly- 

merized under a nitrogen atmosphere and the reaction conditions a re  given i n  

* 

Table 25.  

Time 
(hours) 

4 
15 

10 

14 

5 
20 9 

The reaction product was s o l i d  a t  the end of the react ion time, and a 

black, shiny so l id  polymer was obtained, which weighed 2.89 g., 140% yield.  
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c. Other Solution Polymerizations. 

i .  (DA-29-155) Reaction of DBPPDA and PXDA i n  Ethanol. 

Two-tenths of a gram, 0.2 g., of each of the two b i s  Schiff bases were 

dissolved separately,  each i n  200 m l .  absolute alcohol. The two solutions 

w e r e  combined in  a 500-ml. beaker a t  room temperature. The solut ion was 

s t i r r e d  f o r  two days by means of a mechanical stirrer. No change was  observed 

i n  the yellow solut ion a f t e r  t h i s  t i m e .  About 0.25 g. zinc chloride was added 

a s  a ca t a lys t  and i n  two hours a yellow p rec ip i t a t e  began t o  co l lec t .  The 

amount of prec ip i ta te  increased over the next twenty-four hours; then it was 

col lected by f i l t r a t i o n .  When a melting point of the p rec ip i t a t e  was taken, 

the prec ip i ta te  began t o  melt a t  about 2OO0C, then i t  underwent a gradual 

change in  color front yellow t o  red t o  black. To check possible complex forma- 

t i on  with zinc chloride, 0.25 g. of zinc chloride wad added t o  each of the two 

beakers containing 0.2 g. of each of the  monomers i n  200 m l .  ethanol. After 

t w o  days no change had occurred i n  e i the r  of the  beakers, and it was concluded 

t h a t  the  i so la ted  prec ip i ta te  was not a complex of the monomers with zinc 

chl or ide  . 
ii. (DA-29-157) Repeat of DA-29-155 Using p-Toluenesulfonic Acid 

a s  a Catalyst. 

Two separate 200-ml. solutions each containing 0.2 g. of each of the 

monumers were mixed. After one hour, no react ion had occurred; then 2 mg. of 

p-toluenesulfonic acid was added. 

stance began t o  prec ip i ta te  from solution. 

by f i l t r a t i o n  and drying it, the weight w a s  0.082 g. 

melting point but darkened readily on strong heating. 

showed the charac te r i s t ic  Schiff base bands, and the spectrum of t h i s  compound 

resembled closely the spectra of l o w  molecular weight polymers obtained In 

condensation reactions. 

Within another hour, a yellow-orange sub- 

After separating the p rec ip i t a t e  

This substance had no 

Infrared spectroscopy 
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2. Discussion. 

The m e l t  polymerizations of the bis-exchange reaction give products 

which a re  generally of a higher molecular weight than those obtained by any 

other polymerization method. 

which is produced during the  reaction. 

t o  be much greater  than 100%. 

noted as i n  the carbonyl exchange reaction. Polymerizations employing the 

bis-ketonanils as one of the  monomers proceeded qui te  easi ly ,  yielding glassy 

black materials i n  many cases. The expected by-product, diethylketonanil, i n  

the reaction of the bis-ketonanil with PXDA, w a s  never isolated.  It is pos- 

s i b l e  tha t  it is unstable decomposing under the high temperatures used i n  the 

react ion. 

This is due t o  the act ion of benzalaniline 

The y ie lds ,  however, generally tended 

No spontaneous reaction of these monomers was 

The use of a large excess of benzalanil ine i n  the  bis-exchange polymeri- 

zations,  as i n  DA-29-140, lends l i t t l e  or no advantage t o  t h i s  reaction. 

Benzalaniline tends t o  be incorporated i n t o  the polymer t o  a considerable de- 

gree, and is d i f f i c u l t  t o  remove. 

Solution polymerizations using the  aromatic monomers, DBPPDA and PXDA, 

show tha t  the b i s  Schiff base exchange can occur even a t  low temperatures 

when catalyzed e i the r  by zinc chloride or p-toluenesulfonic acid. 

l i t y  with which t h i s  react ion proceeds i s  surprising, a s  is the  a b i l i t y  of 

the resu l t ing  polymers t o  be f u r t h e r  polymerized t o  the black stage,  a beha- 

vior which is not possible w i t h  t h e  normal condensation polymers. 

The faci-  
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E. Thermal S tab i l i t y  of Monomeric Schiff Bases and Mixtures 
with Monoacetal. 

I f  it i s  assumed tha t  the reason for the higher-than-theoretical yield 

of polymer is  due t o  adduct formation between the polymer and a monomeric 

Schiff  base, which may be present in the system e i t h e r  as a solvent or  as a 

react ion by-product, then heating a t  higher temperatures would be expected 

to break the adduct and eliminate the monomeric Schiff base. It would a l so  

be expected tha t  the course of the dissociat ion of the adduct would be 

determined by the thermodynamics of the system. 

In other s tudies ,  Iagold suggested I4’l5 tha t  Schiff bases form fuur- 

membered rings by addition across the -C=N- bond of the Schiff bases t o  

y ie ld  s t ructures  which w e r e  not thermally s tab le  and which, on heating, 

1 :  

. 

yie ld  derived Schiff bases as follows: 

+ 

Accordingly, and i n  view of Ingold’s s tudies ,  polymerizations and post 

heatings of polymerization products were conducted a t  higher temperatures 

for the systems i n  which the yield of polymer exceeded the theoret ical  

values. Of rnajor i n t e re s t  t o  th i s  project  a r e  the polymeric Schiff bases 

prepared from ace ta l s  as one of the  reactants.  

Pr ior  t o  undertaking the s t u d i e s  on the polymers at  higher tanperatures, 

the thermal s t a b i l i t i e s  of Schiff bases, with and without ace ta l ,  were 

evaluated. Most of the s tabi l i ty  experiments were performed a t  16OOC for 
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fourteen hours, and then 260°C for seventy-nine hours i n  sealed tubes which 

had been degassed and sealed a t  3 x lo” ~tpn Hg pressure, except experiment 

DA-26-236, in which var ia t ions i n  time and temperature were made. The re- 

act ion systems and the  results a re  sumnarized i n  Table 26. 

1. Experimental. 

a. (DA-26-212) S tab i l i t y  of Fknzalaniline (BA). 

Five grams of benzalaniline (m.p. 49-5OOC) were charged in an ampoule 

After sealing, and degassed under 3 x lo-’ ~ s 1  Hg pressure for  f ive  hours. 

the ampoule was heated a t  16OOC fo r  fourteen hours and then a t  26OOC f o r  

seventy-nine hours i n  a heated molten metal bath. The color of the BA did 

not  change as a r e s u l t  of t h i s  extensive heating a t  high temperature; and 

the  melting point of the recovered heated BA, without recrys ta l l iza t ion ,  

was 49-51OC. The IR spectra of the BA before and a f t e r  the heating were 

ident ical .  

b. (DA-26-213) S t a b i l i t y  of a Mixture of BA and DBPPDA. 

Two grams of DBPPDA (m.p. 139-140°C) and 2.5 g. of BA were heated to- 

gether i n  a sealed ampoule under the same conditions as used i n  DA-26-212. 

There w a s  no change i n  e i ther  the color or the IR spectrum of the mixture 

before and a f t e r  heating. 

140°C) w e r e  recovered by recrys ta l l iza t ion  from ethyl alcohol and its IR 

spectrum was ident ical  w i t h  tha t  of authentic DBPPDA. 

From the heated mixture, 1.9 g. of DBPPDA (m.p. 

c. tDA-26-214) 

Two grams of PXDA (m.p. 161OC) and 2.5 g. of BA were heated under con- 

On heating, the color of the mixture changed 

S t a b i l i t v  of a M i x  tu re  of BA and m. 

dit ions ident ical  t o  DA-26-212. 

from pale yellow t o  golden yellow, but there was no change i n  the IR spec- 

trum of the mixture before and a f t e r  the heating. 

mixture from alcohol, 1.7 g. (85%) of PXDA, m.p. 14OoC, were recovered and 

On recrys ta l l iz ing  the 
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I R  
Change 

.. 

None 

i ts  LR spectrum was ident ical  with tha t  of an authentic sample of PXDA. 

d. (U-26-236) S t a b i l i t y  of Mixture of EA and Benzylidenediethyl Ether. 

A mixture of 5 g. benzalaniline and 5 g.  benzylidenediethyl e ther  (BDE), 

was heated a t  180°C f o r  twelve hours, at 23OOC fo r  ten hoors, and then a t  

240% for twelve hours. 

heating was ident ical  t o  t h a t  taken before heating. 

The IR spectra of the mixture during and a f t e r  the 

Table 26 

Effect  of Heating on IR of Schiff Bases 

Exper. Reaction Sys tern W t .  

DA-2 6-2 12 c@rjc&w6Hs 5 .o 

No. G r  . 

2. Discussion. 

From the above results i t  may be concluded t h a t  the  Schiff bases a re  

thermally s t ab le  and indifferent t o  each other and t o  an ace ta l ,  except that 

they axe capable of undergoing an ace ta l  exchange, as shown 3 previously. 

F. Reaction of p-Xylylidenetetraethyl Ether, Dibenzylidene-p- 
phenylenediamine i n  Benzalaniline e t  Temperatures i n  Excess of 300OC. 

1. Polymerization a t  30OOC. 

In Section E above, reaction or  adduct formation was not found t o  occur 

i n  the monomeric systems studied. Studies of t h i s  kind were extended to  

polymerization systems involving the  polyfunctional molecules p-xylyl idene- 

te t rae thyl  e ther  (XTEE) with DBPPDA, i n  which EA would be used as a solvent. 

The reactions were performed a t  elevated temperatures under a nitrogen a t -  
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mosphere a t  reduced pressure. The react ion conditions and r e su l t s  a r e  

Reaction Temp. 
" C / m  Hg Pressure  

200-220/14 
300-340/14+2.5 

280-300/760 
280-300/300+100 
290-300/2.5 

170-180/500 
21 5 -240 /34bl40  
300-350/1 .S 

220/140 
220-270/140+1 
300- 320/1 

7 

React ion 
Intervals  

(hours) 

42.5 
24.5 

6.5 
16.0 

6.0 

0.5 
17 .O 
12.0 

4.0 
12.0 
4.0 

summarized i n  Table 27. 

Table 27 

Reactions of XTEE and DBPPIlA Under Various Conditions 

Exper. 
NO. 

DA-26-211 

DA-26-215 

DA-26-229 

DA-26-232 

~ ~~~ 

Polymer 
Yield Z 

1 32 

137 

300 

185 

a . Experimental. 

i. (DA-26-211) Reaction of DBPPDA and XTE i n  EA. 

~~ 

Appearance 
of 

Polymer 

black, par- 
t i a l l y  brown 

brown 

black-brown 

black 

A mixture of 3.027 g. of DBPPDA, 3.0 g. of XTE and 3 g. of BA was poly- 

merized i n  a su i tab le  reaction flask according t o  the following cycle: 

17.0 hours a t  220°C a t  200 mm Hg pressure; 
4.5 hours a t  220°C a t  80 ran Hg pressure; 
9.0 hours a t  22OOC a t  50 mn Bg pressure; 

12.0 hours a t  22OOC a t  14 Hg pressure; 
5.5  hours a t  300°C a t  14 m Hg pressure; 

19.0 hours at 300OC a t  2.5 1p(11 Hg pressure. 

During the reaction 3.9 g. of d i s t i l l a t e  was collected i n  a water-cooled 

receiver and it was found t o  contain BA and BDE. 

e thyl  alcohol w a s  recovered. 

areas was 2.9 g. (132% yield). 

In  a C02 t rap,  0.6 g. of 

The yie ld  of black polymer containing brownish 
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ii. @A-26-215) Repeat of DA-26-2l1 Under Different C o n d i t i o n s .  

The same amount of materials were used as i n  DA-26-211 but were reacted 

under the following conditions: 

6.5  hours a t  280-3OO0C a t  760 nm Hg pressure; 

14.0 hours a t  280°C a t  300+200 nm Hg pressure; 

2.0 hours a t  300°C a t  100 urn Hg pressure; 

6.0 hours a t  300°C a t  2.5 m H g  pressure. 

The t o t a l  weight of d i s t i l l a t e  vas 1.9 g. and the weight of the  brown polymer 

was 3 g. (137% yield). The d i s t i l l a t e  contained BA and BDE. 

iii. (DA-26-229) Repeat of DA-26-211 Under Different Conditions. 

The same reagents and amounts of materials were used as i n  DA-26-211 

but they were reacted under the  following conditions: 

0.5 hours a t  170-180°C a t  500.0 ~lllll H g  pressure; 
0.5 hours a t  215-23OOC a t  340.0 n m H g  pressure; 
0.5 hours a t  230°C a t  140.0 mm Rg pressure; 

16.0 hours a t  240°C a t  40.0 mn Hg pressure; 

12.0 hours a t  300-35OoC a t  1.5 rum Hg pressure. 

The d i s t i l l a t e  amounted t o  2.1 g. and w a s  shown t o  contain BE. The w e i g h t  

of brown-black polymer was 6.5 g. (300% yield).  

iv. (DA-26-232) Repeat of DA-26-211 Under Different Conditions. 

A mixture of 10.09 g. of DBPPDA, 10 g. of XTE and 10 g. of BA was poly- 

merized under the following conditions : 

4.0 hours a t  220°C a t  140 m Hg pressure; 
1.0 hours a t  220-250°C a t  140 m Hg pressure; 

11.0 hours a t  250-270°C a t  1 mn Hg pressure; 
4.0 hours a t  300-32OoC a t  1 m H g  pressure. 

During the reaction a t o t a l  of 12.3 g. of d i s t i l l a t e  was collected,  The 

polymer was black and weighed 13.6 g. (185% yield).  

v. (DA-26-235) Repeat of DA-25-211 Under Different Conditions. 

A mixture of 13.18 g. of DBPPDA, 13.23 g. of XTE (39axcess) and 13.0 g.  
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of EA was polymerized under the following conditions: 

I -  
i 
I .  

I :  
I 4  

0.7 hours a t  200°C a t  30 mn Hg pressure; 

0.8 hours a t  210% a t  50 nan Bg pressure; 

1.0 hours a t  210°C a t  40 UQ Hg pressure; 
3.0 hours a t  240OC a t  40 nm Hg pressure; 

10.0 hours a t  250-260°C a t  14 nm Hg pressure; 
8.0 hours a t  3OOOC a t  1 mn Bg pressure. 

The weight of the d i s t i l l a t e  amounted t o  20.7 g. and the weight of the poly- 

mer, which w a s  brown, mounted to 17.1 g. (176% yield).  

b Discussion. 

It w i l l  be observed i n  the  data summarized i n  Table 27 tha t  the y i e ld  

of polymers i n  these polymerizations conducted i n  the v i c in i ty  of 300°C, is 

always higher then 100% of theory, indicat ing retent ion of by-products or 

of TU. The d i s t i l l a t e s  i n  these polymerizations were subjected t o  IR analy- 

ses and benzylidenediethyl e ther  was found in a l l  of them, indicat ing tha t  

some ace ta l  exchange had occurred with benzalaniline, and tha t  the polymer 

chains were telanerized by the ani l ine moiety. 

Within the temperature range used i n  the polymerizations, the y ie lds  

were not markedly reduced with s l igh t  increases i n  temperature. It seemed 

obvious tha t  higher temperatures would be required t o  eliminate materials 

retained i n  the polymer. 

2. Post-Heatinps of Polymerization Products. 

Post-heating a t  elevated temperatures of some of the polymers l i s t e d  i n  

Table 27 were performed i n  an attempt t o  eliminate adduct components or 

retained reagents from the polymers. The heated polymers a r e  coded with an 8. 

The conditions and the final yields reached by post-heating under the spe- 

c i f i e d  conditions a r e  sunmarized in  Table 28. 
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Table 28 

Yields of Post-Heated Polymers 

DA-26-211 .H 
DA-26-215.H 
DA-26-232 .H 
DA-26-233.H 
DA-26-235 A-1 
DA-26-23 .H-2 
DA- 2 6-2 35 .B - 3 
DA-26-237 .H-1 
DA-26-237 .H-2 
DA-26-237 3 - 3  

320-250/2-3 
320-350/2- 3 
32 0-350/ 1 
340-350/1 .O 

360-420/0.5 
360-420/0.2 

360 -420/0 , 2 
360-420/0.5 
360-420/0.2 
360-420/0.2 

. 

60 
60 
24 
36 
10 

45 
74 
10 
45 

132 
1 37 
185 
140 
176 
176 
176 
156 
156 

a. Experimental. 

i. DA-26-211.H. 

Before 
.eld % 
After 
Heat in% 

103 

119 
166 
124 

149 
146 
145 
1 30 
123 
116 

Polymer DA-26-211, 0.9087 g., was heated at 320-350°C for sixty hours 

under a flow of nitrogen at 2 ~ ~ 3  am Hg pressure. Yield, 0.7038 g.; weight 

decrease, approximately 23% of original weight. 

ii. DA-26-215.H. 

Polymer DA-26-215, 1.0143 g., was heated at 320-350°C for sixty hours 

under a flow of nitrogen at 2 d 3  mm Hg pressure. 

decrease 12% of original weight. 

Yield, 0.8913 g.; weight 

iii. DA-26-232 .H. 

Polymer DA-26-232, 2.823 g., was heated under 1 mn Hg pressure of nitro- 

gen for twenty-four hours, Yield, 2.543 g.; weight decrease approximately 

10% of original weight, 

iv. DA-26-233.H. 

Polymer DA-26-233, 1.1795 g., was heated at 340-350OC for thirty-six 
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I n i t i a l  Final Weight 
Weight Weight Loss Disti l late 

R r  . gr. x 
Exper. 
No. 

. 

I 

hours under 10 nm Hg pressure of nitrogen. 

approximately 15% of original weight. 

Yield, 1.003 g.; weight loss  

V. DA-26-234.H-1. 

Polymer DA-26-234, 1.401 g., was heated a t  340-350°C fo r  twelve hours 

under 1 nun Hg pressure of nitrogen. 

approximately 60% of or iginal  weight. 

Yield, 1.000 g.; weight decrease, 

V i .  DA-26-234.H-2. 

Polymer DA-26-234, 1.2655 g., was heated a t  340-350°C for  th i r ty-s ix  

hours under 10 mu Hg pressure of nitrogen. 

approximately 11% of original weight. 

Yield, 0.023 g.; weight decrease, 

V i i .  DA-26-235.8. 

Polymer DA-26-235 was used as  the  sample; a l l  heatings were performed 

a t  360°C under a nitrogen flow, and i n  some cases the  d i s t i l l a t e  was 

collected and identified.  

1 

DA-26-235.H-1 2.332 

DA-26-235 .€I-2 3.009 

1.981 15.0 DA-26-235.H-1-D 

2.483 17.0 not collected 

DA-26-235.H-3-D-1 
DA-26-235.H-31 2.003 1 1.6561 17.5 1 DA-26-235 JI-3-D-2 I 

v i i i .  DA-26-237 .H. 

Polymer DA-26-237 was used as the  sample; a l l  heatings were performed 

a t  360OC under nitrogen flow, and the d i s t i l l a t e s  collected and identified.  
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I ’  
I .  

Exper. 
NO 

DA-26-237.H-1 

r. 

I n i t i a l  Final Weight Time 
Weight Weight Loss Distillate 

I 

Hours gr . gr  . 2 

2.1110 1.7715 16 10 DA-26-237 .H- l -D 

, -  

DA-26-237 .He2 2.668 

DA-26-237 .H-3 1.757 

1 I 

I -  

I .. 

2.155 21 45 DA-26-237.H-2-D 

DA-26-237.8-3-D-1 
DA-26-2’37 .EI-3-D-2 

75 DA-26-237.H-3-D-3 
DA-26-237.B-3-D-6 

1.331 24 

I I I 

The data i n  Table 28 indicates t h a t  post-heating a t  temperatures above 

3OOOC does cause a reduction i n  the  high y ie ld  toward the  d i rec t ion  of theo- 

r e t i c a l  yields .  Also, it may be  noted tha t  longer periods of time a t  highly 

reduced pressures tend t o  reduce the y ie ld  more ef fec t ive ly  than a t  lower 

pressures. They may be indicative tha t  the elimination is dfffusion- 

controlled and t h i s  would be expected t o  be low fo r  la rge  by-product m o l e -  

cules. 

products or EA solvent,  but a l so  to an increase i n  the  degree of polymeri- 

z a t ion. 

3. Ident i f ica t ion  of D i s t i l l a t e s  Due t o  Post-Heatiq.  

It was hoped tha t  the  nature of the chemical processes tha t  occurred 

during post-heating could be resolved by ident i fying the d i s t i l l a t e s  col-  

l ec ted  during the post-heating period. The d i s t i l l a t e s  were col lected and 

t h e i r  composition determined from t h e i r  IR spectra .  The d i s t i l l a t e s  from 

the heated polymers a r e  ident i f ied by the le t ter  D. The r e s u l t s  a r e  sum- 

marized i n  Table 29. 

The reduction may be due not only to  elimination of retained by- 

From the data of Table 29 no pos i t ive  conclusion can be made concerning 

the dissociat ion react ion of four-membered r ing  adducts as suggested by 

Ingold 14s15 because the y ie lds  are  s t i l l  higher than the theoret ical  values, 
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Ident i f ica t ion  of D i s  

DA-26-235 .H-1 -D 

DA-26-235 .H-3-D-1 

DA-26-235 .H-3-D-2 

DA-26-237 - 8 - 1 - D  

DA- 2 6 -2 37 .H -2 -D 

DA-26-237 .H- 3-D-1 

DA-26-237 .H-3-D-2 

DA-26-237 .H-3-D-3 

DA-26-237 .H-3-D-4 

Exper. No. I 

Table 29 

i l l a t e s  ObtaiDed During Post-Heating of P 

Reaction Conditior 
" C / m  Hg Pressure 

: Hours 

360-420/0.5 : 10 

360-390/0.2 : 35 

360-380/0.2 : 24 
400-420/0.2 : 15 

360-420/0.5 : 10 

360-420/0.5 : 45 

360-38010.2 : 5 

360-380/0.2 : 30 

360-380/0.2 : 24 

400-420/0.2 : 15 

lymers 

I Kind of Eliminated Material I 

and the amount of eliminated C@5CH=NC& is always less, on a molar basis, 

than the  other compounds found i n  the d i s t i l l a t e .  

the d i s t i l l a t e s  col lected during the post-heating may be considered as 

having an or ig in  as follows: 

Each compound found i n  

i) Originally present i n  the polymer system as a solvent or  as a 

react ion product; 
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c 

. 

ii) It a r i s e s  as  a product eliminated from adducts, including 

four-membered r ing s t ructures .  

G.M. Badger et a1 have reported16 tha t  benzalaniline i n  solut ion i n  

concentrated su l fu r i c  acid is photochemically converted t o  a mixture of 

phenanthridine and beazylaniline. I f  t h i s  type of react ion occurs, even t o  

l o w  degree in Schiff bases polymerizations, or during post-heating at  higher 

temperatures, the polymers obtained would under- some r ing  closures,  and 

then from such un i t s  €I2NC@i4NH2 affd C$35CH=NG&N=CHC@rg could be eliminated 

as by-products of thennal decomposition by such react ions a s  shown i n  

equations 13 and 14. 
N==CH- 

+ *2 

Then, H2N-Cf l4 -Nf l2 ,  C#5m=N-C&-'y-cRC6H5 may be produced by pyrolysis,  thus 

==cH <' m a -  # 
I n  any case, the data and evidence indicates  t ha t  sc i ss ion  of the  poly- 

mer chain is not s ign i f i can t  e i the r  during a polymerization or post-heating 

a t  a higher temperature. 
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I -  

Final Yield 

Weight Loss X 

Polymer Used; Weight Based on 
Loss % Exper. No. Amount 

C 

DA-26-235E 

DA-26-237E 

I -' 

DA-26-235 ; 
1.613 g. 15 

1.106 g. 15 
DA-26-237 ; 

4. IR Spectra of Polymers Before and After Post-Beating. 

The infrared spectra of a number of polymers were recorded before and 

a f t e r  post-heating t o  determine whether or not s t ruc tura l  changes occurred 

as a re su l t  of post-heating. The IR spectra of polymer DA-26-211 before 

and a f t e r  post-heating a re  shown i n  Figures i and 2 respectively,  and of 

polyner DA-26-215 before and after heating in Figures 3 and 4 respectively.  

The expected decrease in the C@s-absorption band which would follow 

the elimination of adduct products is not observed. 

could not be observed i n  the spectra of the polymers before and a f t e r  post- 

heat  ing. 

Also s igni f icant  changes 

5 .  Solvent Extraction of Polymers. 

In attempts t o  determine the or igin of the d i s t i l l a t e s  obtained by post- 

heating of the polymers, two typical polymers were subjected t o  extract ion 

and the  extracted materials characterized by t h e i r  IR spectra and compared 

with materials collected 6uring post-heating. 

polymers DA-26-235 and DA-26-237 in  a Soxhlet apparatus for  eighty hours 

with alcohol as  an extractant ;  t h e  r e su l t s  are summarized i n  Table 30. 

Extractions were performed on 

Table 30 

Results of Extraction of Polymers with Ethyl Alcohol 

149 

132 
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a, Expe rimental. 

i. crza -26-235-E) Extraction of DA-26-235. 

Polymer DA-26-235 was treated i n  a Soxhlet apparatus fo r  eighty hours 

using alcohol as  the solvent. 

the extraction, and the weight of the extracted materials e i g b e d  a f t e r  

evaporation of its alcohol solution. 

The polymer was weighed dry before and a f t e r  

The r e s u l t s  are as follaws: 

i n i t i a l  veight of polymer 

f ina l  weight of polymer 

weight l o s s  

weight loss X 
amount of extract  

1.613 g, 

1.372 g. 

0.241 g. 

15.0 
0.234 g, 

ii. CDA -26-2374) Extraction of DA-26-237 . 
P o l p e r  DA-26-237 was extracted under the same condition used in 

DA-26-235-E. 

recovery by evaporation from the alcohol solution, 

The I R  spectrum of the extracted materials =re recorded after 

The r e s u l t s  are as fol laus:  

i n i t i a l  welght of polymer 

f i n a l  weight of polymer 

weight l o s s  

weight loss x 
amount of extract  

b, Discussion, 

1.106 g. 

0.945 g. 

0.161 g. 

15 .o 
0.153 g. 

h e  IR spectrum of the material extracted from DA-26-237 showed that it 

consisted Of C&CkIa@s, C 6 H 5 c k N c 6 H 4 ~ c @ ~ ,  H2Esab#EIz and Cfl5-2; and 

the shape of its absorption specttumwas almost ident ical  to tha t  of the 

d i s t i l l a t e s  obtained in the early stages of post-heating of polymers 

DA-26-23743 and DA-26-235-H. 
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The decrease i n  y ie ld  on heating is shown i n  a typical  curve ia  

Figure 5 ,  i n  which the  yield is cornpared with the value obtained by extrac- 

t ion.  Accordingly, it may be concluded tha t  most of the product eliminated 

in  post-heating a r e  not the result of the  heat dissociat ion of adducts or  

of by-products, a t  least u n t i l  the range of the weight l o s s  is about 15%, 

but that they are materials which a r e  formed i n  the  ear ly  stages of polymeri- 

zat ion and dis t r ibu ted  through the polymer mass, 

6. General Discussion. 

The yield of polymer obtained by react ing XTE and DBPPDA a t  law tem- 

When the  peratures is much higher than the calculated theoret ical  yield.  

polymerizations a r e  conducted a t  higher temperatures, or the polymer is 

post-heated, the y ie ld  of the  polymer is reduced, Basever, the y ie ld  of 

polymers under the conditions evaluated a r e  st i l l  above one hundred per cent. 

The over-yield nay be due t o  the presence of adducts but their existence 

could not be proven. 

polymerization reaction, a s  shown by the lower yie ld  obtained by post- 

heating i n  contrast  t o  the y i e l d  of polymer obtained by extraction. 

The high yield can be a t t r i bu ted  also t o  an incomplete 

The w e i g h t  decrease that occurs during the ear ly  stages of post-heating 

a polymer at  temperatures higher than the low temperature of the  preparation 

is due t o  the elimination of by-products formed a t  the  lcrwer temperatures. 

The amount of decanposition tha t  occurs on heating a t  higher temperatures is 

negligible,  i f  any; and i f  it does occur i n  molecular weight, s ince cycl i -  

zat ion would occur, is not s ignif icant ,  

yields, extended heating a t  temperatures of about 400OC a t  very l o w  pressures 

appears t o  be necessary. 

high melt viscosi ty  of the polymers of r e l a t ive ly  l o w  molecular weight, and 

the so l id  nature of polymers of s l i gh t ly  higher molecular weight. 

To more nearly approach theore t ica l  

This is predicted on the bases of the extremely 

In such 
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a medium of high viscosi ty ,  tbe col l is i rm factor  would be reduced and the 

Exper. 
No. 

DA-26-274 

I -  

Reaction Condition Polymer Appearance 
"C/mn H g  Pressure Yield Of 

: Eours x Polvmer 

100/760 : 1.5 almost black 
170-230/760 : 17.5 108 with dark- 

products of condensation wouldhave t o  diffuse out of a medium of high vis- 

230/0.5 : 10.0 

100/760 : 1.5 
DA-26-275 170-230/76O : 17.5 

230/0.5 : 10.0 

cosity.  The process, therefore, is diffusion controlled. This behavior, 

brown areas  

254 black 

experienced i n  the polymerization of XlE with DBPPDA alone or i n  the pre- 

sence of BA confirms the similar experiences of the  bis-exchange reactions 

of DBPPDA and PXDA. 

G. Polymerization of Xylvlidenetetraethyl Ether with 
m-Phenylenediamine i n  Benzalaniline. 

When m-phenylenediamine WDA) and its derivat ive are used instead of 

p-phenylenediamine (PPDA) as the source of the amine moiety i n  a polymeric 

Schiff  base, one would expect that  the  configuration of the  polymer derived 

from the  MPDA would d i f f e r  somewhat from the polymer derived from PPDA e i t h e r  

i n  c rys t a l l i n i ty  o r  i n  orientation. Since, in the present work one of the 

L 

n 

most important problems concerns the so lub i l i t y  o r  f u s i b i l i t y  of the polymer 

during the polymerization process, it was  decided t o  evaluate m-phenyleae- 

diamine and some of i ts  derivatives i n  the synthesis of this c la s s  of poly- 

meric Schiff bases. 

The polymerizations of xylylidenetetraethyl e the r  with m-phenylenedi- 

amine were performed without and with benzalaniline and compared in a number 

of cases with p-phenylenediamine. The r e su l t s  are sumaerized i n  Tables 31 

and 32. 
Table 31 
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Temp. 
*C 

Exper. 
No. 

Pressure 
mm E? Hours Observations t 

Table 32 

Reaction of XTJ3 with Diamines i n  Presence of BA 

760 

7 60 

7 60 

760 

Reaction Condition 
" C / m  Hg Pressure 

: Eours 

90/760 : 1  
100/760 : 18 
230/0.5 : 7  
300/0.1 : 18 

1.5 I n i t i a l l y  homogeneous 

1.5 Brown so l id  

2.5 Brown s o l i d  

13.5 Brown so l id  

90/760 : 1  
100/760 : 18 
230/0.5 : 7  
30O/O.  1 : 18 

0.5 10.0 

100-110/760 : 6  
240-330/1.5+1.0 : 23 
m/1 .o : 24 

Almost black, some brown 

100-110/760 : 2  
100-1 10/7 60 : 4  
240A.5 : 7  
330/1 .O : 1 6  
440/1.0 : 24 

Observation i n  
Each Stage 

Sol idif ied a f t e r  melting 

Viscous solut ion 
Very viscous 
Rubber-like so l id  
Sol idif ied (black) 

Sol idif ied a f t e r  melting 

Viscous solut ion 
Very viscous 
Almost so l id i f i ed  
Sol i d  
Sol idif ied (black) 

Appearance 
and Yield 

x 
ye1 1 ow 
ye1 low 
yellow 
150 

ye1 1 ow 
brown-red 
red 

205 

dark-brown 
156 

reddish-brown 
red 
black 
black 

173 

1. Experimental. 

a. (DA-26-274) Reaction of MPDA and XTE. 

A mixture of 1.4 g. of WDA and 3.92 g. of XTE were polymerized under 

the following conditions: 

100 
170 

180 

2 30 

230 

During the react ion 0.8 g .  of d i s t i l l a t e  was col lected end the weight of the  

~01-r was 3.0 go (108%). 
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l -  

Temp. 
OC 

., 

Observations Pressure 
run HP 

I i 

b. (DA-26-275) Reaction of MPDA and XTE i n  BA. 

A mixture of 1.11 g. WDA, 3.11 g. of XTE and 5 g. of BA was polymerized 

under the following conditions: 

- 
Temp. 

OC 

100 

110 

180 

- 

180 

230 

Pres sure  
mm HE 

7 60 

760 

760 

7 60 

0.5 

Hours 

1.5 

4.0 

0.5 

12.0 

24.0 

OBservat ions 

Viscous orange solut ion 

Very viscous, dark orangc 

Reddish brown; l i t t l e  

Dark-brown, no flow 

Black, hard s o l i d  

viscous flow 

During the reaction 2.3 g. of d i s t i l l a t e  was collected.  Yield of black 

polymer was 5.6 g. (254%). 

c.  -26-279) Reaction of PPDA and XTE i n  BA. 

A mixture of 1.192 g. of PPDA, 3.240 g. of xT& and 5 g. of BA w a s  

polymerized under the following conditions : 

90 
100 

230 
300 

7 60 

7 60 

0.5 

0.1 

1 .o 
18.0 
17.0 

18.0 

I n i t i a l  melt; yellow so l id  

Orange so l id  

Brown so l id  

Brown so l id  

During the react ion 2.6 g. of d i s t i l l a t e  w a s  col lected and the  weight of 

brown polymer was  3.6 g. (150%). 

d. (DA-26-280) Reaction of MPDA and XTE i n  BA. 

A mixture of 1.010 g. of MPDA, 2.72 g. of XTE and 5 g. of BA was poly- 

merized under the following conditions: 
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Tarma I Pressurel Hours 

1 1 
OC IUD Ha 

. 

Observations 

Temp* 
O C  

Pressure I Hours Observations 
mm Bg 

I 

90 

90 

100 

100 

230 

300 

760 

1.5 

1.0 

1.0 

7 60 

7 60 

3.5 

13.0 

7 .O 

0.1 

6.0 

7 .O 

16.0 

24.0 

0.5 

0.5 

3.5 

14.0 

7 .O 

18 .O 

Hours Observations 
1 

Yellow f lu id  m e l t  

Viscous, dark yellow 

Very viscous ; brown 

Rubbery; reddish brown 

Hard; very dark red 

Hard; black. 

During the polymerization 2.2 g. of d i s t i l l a t e  was col lected and the y i e ld  

of black polymer was 3.8 g. (200%). 

e. (DA-26-281) Reaction of PPDA and XTE i n  BA. 

A mixture of 1.446 g. of PPDA, 3.92 g. of XTE and 5 g. of BA were 

polymerized under the following conditions: 

100 

240 

300 

400 

I n i t i a l  melt; yellow so l id  

Dark yel low so l id  

Y e l l o w  brown so l id  

Dark brown so l id  

The yie ld  of dark brown polymer was 4.5 g .  (156%). 

f .  (DA-26-282) Reaction of MPDA and XTE i n  BA. 

A mixture of 1.422 g. of MPDA, 3.820 g. of XTE and 5 g. of BA were 

polymerized under the following conditions: 

100 

240 

330 
440 

7 60 

1.5 

1 .o 
1 .o 

6.0 

7 .O 

16.0 

24.0 

Red, viscous f lu id  

Dark red almost so l id  

Dark brown so l id  

Black so l id  

I 
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The yield of black polymer was 4.9 g. (173%). 

I -  
I -  

., 
m -' 

.0 

2. Discussion. 

The difference i n  the behavior of m-phenylenediamine and p-phenylene- 

diamine when subjected t o  polymerization with p-xylylidenetetramethyl e ther  

is very marked. In the absence of benzalaniline, the polymer obtained with 

MPDA 56 dark-brown, almost black, compared t o  the yellowish polymer obtained 

when PPDA is used. 

with PPDA the yield is still much higher. 

The yield with WDA is s l i g h t l y  higher than lorn, whereas 

The difference is due t o  the f ac t  

t ha t  the system based on WDA remains f lu id  much longer allarfng propagation 

t o  occur t o  a higher conversion. However, i n  both cases, conversion t o  the 

black polymer is  f a c i l i t a t e d  by the use of BA as a solvent, but due t o  in- 

complete elimination of BA as  a r e su l t  of telomerization by BA, an increase 

i n  y ie ld  over theory is observed. 

pared i n  the presence of BA could be heated a t  temperatures as high as 440°C 

It w a s  a l so  noted tha t  the polymers pre- 

(DA-26-281 and DA-26-282), ye t  there was no marked evidence of l ibera t ion  of 

BA d of decanposition. This would indicate t h a t  the polymers had been te lo-  

merieed by BA and tha t  the chain ends w e r e  frozen i n  a medium of associated 

polymer chains of extremely high viscosity,  thereby retarding chain-end 

coup1 ing . 
E. Polymerization of Xylylidenetetraethyl Ether with D i -  

benzylidene-m-phenylenediamine i n  Benzalaniline. 

The polymerization of dibenzyl idenem-phenylenediamine (DMPD) and XTE 

was perfonmed in the presence of BA and compared t o  one performed without 

BA. The r e su l t s  a r e  shown i n  Table 33. 
' s  
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Table 33 

Yields i n  Polymerization of DBMPD and XTE 

DA-26-283 present 148 black 
DA- 2 6- 284 present 155 black 

I BA Exper , 
No. 

m 

I DA-26-286 absent 107 black 

1. Expe rimental . 
a. @A-26-283) Reaction of DBMPD and XTE i n  BA. 

A mixture of 1.7 g. of DBMDD, 1.818 g. of XTE and 5 g. of BA YBS reacted 

1 

Hours Observations 
OC mm Hn 

I. 

under the following conditions: 

170-180 

200 

230 

340-350 

15.0 2 yellow-to-brwn solut ion 

15.0 1 brown solut ion 

15.0 6 dark brown, viscous 

0.5 19  black s o l i d  

Temp. 
OC 

The yield of black polymer was 1.85 g. (148%). 

b, (DA-26-284) Reaction of DBMPD and 2CTE in BA. 

A mixture of 1.5 g. of DBWD, 1.5 g. of XTE and 5 g. of BA was reacted 

under the following conditions: 

Pressure 
am Ha Observations 

i I 
180 

205 

2 30 

250 

15.0 2 .O brown so lu t ion  

15.0 1.0 dark brown, viscous 

15 .O 2.5 very viscous 

15.0 13.0 almost so l id  

1 i I 1 4 
270 

The y ie ld  of black polymer was 1.66 g. (155%). 
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c. (DA-26-286) Reaction of DBMPD and XIE. 

A mixture of 1-39 g. of DBMPD and 1.399 8. of XTE was reacted under 

the following conditions : 

"C nrm Hg 

180-190 15.0 

230 15.0 

I : t I I 

2 'dark-brown solution, not viscous 

4 so l id ,  dark 

The yield of polymer was 1.1 g. (107%) of a porous, b r i t t l e  black polymer. 

I 2. Discussion. 
~ 

I The data of Table 33 indicates tha t  benzalaniline is retained i n  the 

polymer, some of it probably as a r e s u l t  of telomerization, and the remainder 

i n  solut ion in  the polymer. Though a black p o l p ~  is obtained in  the reac- 

250 
270 

t i o n  of DBMPD and XTE i n  i t s  absence, the  black polymer is not readi ly  fu- 

sible and is  f r iab le ,  Nonetheless, the great  difference i n  the  behavior of 

the meta and the para dibenzylidene derivatives is observable a s  It was in 

t h e i r  parent diamines. 

pounds allows the reaction to proceed more readily to the black polymer stage, 

The be t te r  f u s i b i l i t y  and so lub i l i t y  of the meta corn- 

In the  case of p-phenylenediamine, i n  the absence of BA, the oligomers 

0.2 13 almost black so l id  
0.2 27 black so l id  

which a re  formed i n  the ear ly  stage of reactions a re  very insoluble and infu- 

s i b l e  i n  the reaction mass so t h a t  propagation of the  chain is inhibited.  

For this reason only yellow products are obtained i n  t h i s  reaction system. 

However, the oligomers obtained i n  the polymerization of xylyl idenetetraethyl 

e the r  with m-phenylenediamine have zig-zag type of configuration which gives 

the oligomer greater  so lub i l i t y  and fus ib i l i t y .  These properties make possi- 

b l e  the further propagation of the oligomer t o  a higher molecular weight and 

color of the polymer changes from yellow t o  darker colors. In t h i s  system, 
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dark-brcrua, almost black, polymers are obtained almost quantitatively. In 

a 

. 

contrast, in the polymerization of DBMPD with XTE the yields are always over 

100% but are much lower than when DBPPDA is used as a starting material. 

I, Polvmerization of Phenylenediamines or Dibenzvlidene- 
phenylenediamines in an Excess of Xylylidenetetraethyl Ether. 

The types of polymerizations given in equations 15 and 16 were studied: 

and 
n 

The purpose of these studies then is to evaluate the use of xylylidenetetra- 

ethyl ether as a solvent instead of benzalaniline. It was hoped that the 

solubility of the intermediate oligomers would be increased by having both 

ends telanerized by xylylidenetetraethyl ether. The studies were performed 

using p- and m-phenylenediamine, and p- and m-dibenzylidenephenylenedimine 

. as the amine reagent with XTE. The results are sumnarized in Table 34. 
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Table 34 

Polymerizations V i t b  Excess of Xylylidenetetraethyl Ether 

Yield Acetal E x y ~  NO. 

DA-26-290 
p-QNC&PB2 

DA-26-291 
~ - E ~ X . X @ ~ ~ T F L ~  

DA-2 6-293 
Di:;zazyl i&ne-1- 
phx-iyLenediamir?? 

DA-3- 6 - 2 9 4  
Dibcnzyl idme-lc- 
phenylenediamine 

DA-26-295 
Dihenzyl idene-p- 
phenylenediamir! 3 

DA-26-206 
DibanTyl idcne-m- 
pheiiyl enediamine 

200 

200 

100 

1oc 

100 

100 

143 

163 

AT7earence of Polymer 

black 
pa r t i a l ly  dark-brown 

black 

-- 

black 

black 

black 

black 

1. Expertmental. 

a. (DA-26-290) Reac'iion of PPDA and XTE. 

A mixture of 0.99 g. of ??D-! 2nZ 8.1 g. of XTE (1:3 mole ra t io)  was 

reacted under the follovrizg conditions: 

Hours Observations 

yellow so l id  

yellow so l id  

37 0 0.6 

During the course 02 the  x-encticn 4.6 g .  of XTE were recovered as d i s t i l l a t e ;  

and the  weight of th% p o l p 2 r  was 2.0 g. (101%). 
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_ _ -  

1.0 

2.5 

1 .O . 

15.0 

a 

yellow so l id  and l i qu id  

viscous with yellow s o l i d  

dark-brown-orange so l id  

black s o l i d  

b, (DA-26-291) Beaction of MPDA and XTE. 

A mixture of 1.040 g. of MPDA and 8.1 g, of XEE (1:3 mole ra t io )  was 

Temp. 
OC 

180-200 

240 

300 
400 

reacted under the following conditions: 

Hours Observations Pressure 
mm En 

20.0 2 t h in  yellow solut ion 

10 1 9  brawn viscous solution 

0.4 1 2  very viscous dark-brawn 

0.4 1 2  black s o l i d  

- 
Temp= 

*C 

140 

140 

180 

330 

- 
Pressure 
rn Hg 

760 

1 

1 

0.6 

During the course of the reaction 2.9 g. of XTE were recovered and the y ie ld  

of polymer was  2.4 g. (115%). 

c .  (DA-26-293) Reaction of DBPPDA and XTE, 

A mixture of 1,011 g. of DBPPM and 2.022 g. of XTE (1:2 mole r a t io )  

was reacted under the  following conditions: 

-~ ~ 

During the reaction 1.7 g. of l iquid d i s t i l l a t e  (C2H5m and XCE) as w e l l  as 

0.5 g. of DBPPDA were recovered. The yield of black polymer was 0.45 g. 

(68%) due t o  incomplete reaction of DBPPDA. 

d. @A-26-294) Reaction of DEMPD and XTE. 

A mixture of 1.122 g ,  of DBWD and 2,244 g. of XTE (1:2 mole r a t io )  was 
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.r ,  
180-200 

240 

300 

reacted under the following conditions: 

20.0 2 thin brown solution 

10.0 19 dark brown, viscous 
0 .4 12 black so l id  

Hours 
1 

- ~ 

During the reaction 1.45 g. of l iquid d i s t i l l a t e  of alcohol and XTE were 

Observations 

recovered. Also recovered w e r e  0.4 g. of DBMPI). The y ie ld  of black polymer 

was 0.5 g. (60%). 

e. @A-26-295) Reaction of DBPPDA and X!iZ. 

A mixture of 2 g. of DBPPDA and 4 g. of XTE (1:2 mole r a t io )  was re- 

220-240 

220-240 

280 

360 
400 

acted under the following conditions: 

200 2.5 dark-brown solut ion 

100 3.5 viscous, dark-brow 

1 .o 7.0 so l id  brown-black 

1.0 48.0 black so l id  

1.0 14.0 black so l id  

During the reaction 1.3 g. BDE and 0.8 g. XTE were recovered and the yie ld  

of polymer was 2.1 g. (1439.). 

f .  @A-26-296) Reaction of DBMPD and XTE. 

Amixture of 2 g. of DBMPD and 4 g. of XTE was reacted under conditions 

ident ica l  t o  those given i n  DA-26-295. The polymer obtained was black and 

amounted t o  2.4 g. (163%). 

2. Discussion. 

me following conclusions may be drawn from the above resu l t s .  The 

polymerization of p-phenylenediamine with excess amount of xylplidenetetra- 

ethyl e ther  produced dark brown-black polymer with approximately 100% yield. 
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During the f i r s t - s t a g e  of the  low reaction temperature, 91% of theoret ical  

amount of alcohol was recovered, and in  the fur ther  s tages ,  a t  the higher 

react ion temperature, 85% of theoretical  excess of xylylidenetetraethyl ether 

was recovered, indicat ing tha t  t h i s  reaction proceeds i n  the manner indicated 

i n  equation 15. 

IXI the case of the reaction using m-phenylenediamine with XTE i n  excess, 

t he  polymer was produced in a yield in excess of 100%; t h i s  is in contrast  

t o  an equimolar polymerization reaction and is  a t t r i bu tab le  t o  the l o w  re- 

a c t i v i t y  of the  meta-substituted oligomers, This observation was  a l s o  con- 

firmed i n  the difference i n  yield between dibenzyl idene-p-phenylenediamine 

and dibenzylidene-m-phenylenediamine. 

J. Polymerization of Xylylidenetetra-n-butyl Ether with 
p-Phenylenediamine or  its Derivatives. 

In the polymerizations of diacetals  and d i m e s  and t h e i r  der ivat ives ,  

1 it was considered that reactions proceeded through an intermediate state 

from which the  alcohol was  eliminated. When the intermediate is soluble or 

fusible ,  propagation of the chain proceeds to a high degree s ince it w i l l  not 

be retarded by precipi ta t ion from the medium; then the intermediate w i l l  con- 

v e r t  t o  a Schiff base polymer of high molecular weight. Too, the molecular 

weight of a polymer depends on the  s t a b i l i t y  of the intermediate as w e l l  a8 

on its so lub i l i t y  and fus ib i l i ty .  On t h i s  basis ,  it was decided t o  evaluate 

a d i f fe ren t  a lkyl  group in the  acetal .  In the following reaction, one would 

expect that s t a b i l i t y  of the intermediate would increase with the size of R: 

For t h i s  evaluation, xylylidenetetra-n-butyl e ther  (DA-26-259) ‘(XTBE) was 

chosen for  comparison with the t e t rae thyl  e ther  (XBS) 
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.’. 

Yield 
9: 

93 

93 
111 

104 

86 

91 

r) 

Appearance 
of Polymer 

brown 

brown 

yellow 

yel low 

yellow 

yellow 

1. Polyaerization of Xylylidenetetra-n-butyl Ether witb 
p-Phenvlenediemine, 

The results obtained i n  these s tudies  are shown in Table 35. 

Table 35 

Polymerization of XTBE w i t h  PPDA. 

Exper. 
No. 

DA-26-261 

DA-26-262 

DA-26-263 

DA-26-264 

DA-26 -2 66 

DA-26-267 

a. Experimental. 

Solvent 

Bulk 

DHA 
DMF 
Bulk 

Benzalanil h e  
20 w t .  w 
Benzalanil ine 
50 ut. 4. 

i. (DA -26-259) Synthesis of Xylyl idenetetra-a-bum1 Ether. 

A mfxture of 30 g. TA, 150 g. n-Cflg08, 2 g. p-CE3C684SO3tl and 200 ml. 

benzene was heated a t  ref lux in  a Dean-Stark apparatus and the water forrned 

by the  reaction w a s  collected i n  the trap.  

eleven hours and the amount of water separated w a s  7.9 m l .  (99% of theory). 

Then, after neutralizing the reaction mixture with aqueous Na2C03, the 

product w a s  dried over anhydrous Na2C03 and f rac t iona l ly  d i s t i l l e d .  

f rac t ion  boi l ing at  163OC a t  0.4 nm Bg pressure (84%) was col lected and its 

IR spectrum recorded. 

The react ion was continued for 

The 

ii. (DA-26-261) Reaction of PPDA and XTBE. 

A mixture of 1.212 g. of PPDA and 3.636 g. of XTBE was reacted under 

the following conditions : 
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Temp* I Pressure 
O C  mmBR 

1 

Hours Observations 

The y i e ld  of polymer was 1.6 g. (93%). 

160 

220 

250 

iil. (DA-26-262) Reaction of PPDA and XTEE in Dimethylacetamide @HA). 

15 3 yellow so l id  

15 5 dark yellow so l id  

15 40 browa so l id  

A mixture of 1.370 g. PPDB, 4,104 g. of XTBE and 6 g, of DMA was re- 

160 760 

1 

acted under the following conditions: 

1 th in  yellow m e l t  

I 

Temp. 'Pressure 
OC m n u  

B a r s  Observations 
I 

The yield of polymer was 2.4 g. (93%). 

40-60 

160 

200-220 

250 

iv. (DA-26-263) Reaction of PPDA and XTBE i n  Dimethylformaraide OW). 

A mixture of 1.166 g. of PPDA, 4.660 g.  of XTBE and 10 g. of DHF was 

760 1 yellow solution 

760 4 yellow so l id  

760 5 dark yellow, so l id  

760 40 brown so l id  

reacted under the following conditions: 

Temp. 
OC . 

Pressure 
mi HR Hours Observations 

160-200 

200 

230 

The y ie ld  of polymer was 2.6 g. (111%) and about 90% of the theore t ica l  

760 2.5 yellow solut ion 

760 0.5 yellow p rec ip i t a t e  

760 20.0 yellow s o l i d  

amount of butyl alcohol was collected during the reaction. 

v. (DA-26-264) Reaction of PPDA and XTBE. 

A mixture of 1.247 g. of PPDA and 4.988 g. of XTBE vas reacted under 
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the  following conditions: 

160-200 760 2 yellow solut ion 

230 760 20 yellow so l id  
t b 

- 5  

Temp. 
OC 

Observations Pressure 
IHn Hg 

amount of butyl alcohol was collected during the r eac t f f i .  

220 

250 

vi .  .w -26-266) Reaction of PPDA and FlcBE i n  BA. 

A mixture of 0.906 g. of PPDA, 3.618 8.  of XTBe and 1.0 8.  of BA was 

15.0 4.0 yellow prec ip i ta te  

0.8 20.0 yellow so l id  

reacted under the following conditions : 

200-210 15.0 0.7 yellow solution 

The yie ld  of yellow polymer was  1.55 g. (86%). 

v i i .  (DA-26-267) ReactlLon of PPDA and XTEE i n  BA. 

A mixture of 1.125 g. PPDA, 4.500 g. of XTBE and 5 g. of BA was reacted 

Pres sure 
m m H g  Hours 

1 

under the  following conditions : 

Observations 

~ 

31 0 

760 
760 

20 

0.5 

0.1 yellow solut ion 
4.9 yellow prec ip i t a t e  

12.0 yellow s o l i d  

72.0 yellow s o l i d  

The yield of yellow polymer was 2.1 g. (94%). 

b. Discussion. 

In every case, the reac t iv i ty  of xylylideneretra-n-butyl e ther  vas 

68 



. -. 

Sol vent Exper.  
No. 

a 

Polymer Appearance 
Yield X of Product Ca  t a l  y s t 

I 

remarkably l o w  and reaction did not occur below lSO°C. 

creasing the reaction temperature t o  about 16OoC, a reaction vas observed 

a f t e r  about one hour of heating. 

almost theoret ical .  

those polymerizations performed in  the presence of benzalaniline. 

tedly,  a l l  products are yellow. 

to loss of low molecular weight products by d i s t i l l a t i o n  during the reaction. 

The lcrv reac t iv i ty  of XTBE can a l so  be a t t r i bu ted  t o  steric factors.  

However ,  on in- 

The yie ld  of polymers in  a l l  cases was 

It is surprising the y ie ld  w a s  not over 100% even i n  

Unexpec- 

The low yield i n  DA-26-266 was due probably 

DA-26-268 

DA-26-270 

DA-26-272 

2. Polymerization of Xylylidenetetra-n-butyl Ether w i t h  
Dibenzylidene-p-phenylenediamine, 

Bulk lone 0 no react ion 

BA None 0 no reaction 

D M  Yes 100 brown-bl ack 

The r e su l t s  obtained in these s tudies  are suarnarieed i n  Table 36 

Table 36 

Reaction of DBPPDA and XTBE 

a. Experimental. 

i. (DA-26-268) Reaction of DBPPDA and XTBE. 

A mixture of 1.81 g. of DBPPDA and 2.53 g. of XTBE was reacted at  20O0C 

a t  15 MII Hg pressure f o r  three hours, and at  24OOC a t  15 ~lpl  Eg pressure for  

twenty-four hours. Reaction did not occur and the  reactants  were recovered, 

ii. (DA-26-270) Reaction of DBPPDA and =E i n  BA. 

A mixture of 1.25 g. of DBPPDA, 1.86 g. of XTBE and 5 g. of BA was re- 

acted a t  220°C a t  760 m Hg pressure fo r  four hours, then a t  22OOC a t  15 mm 

Hg pressure f o r  twelve hours, followed by 24OOC a t  15 mn ilg pressure f o r  

three hours. Reaction f a i l ed  t o  occur and the reagents w e r e  recovered. 
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Solvent Exper. 
No. 

iii. (D8-26-272) The Catalyzed Reaction of DBPPDA. XTBE and EA. 

Amixture of 1.50 g. of DBPPDA, 2.31 g. of XTBE, 20 g, of DHA and 0.1 g. 

of p-CE3C$i4SO+ was reacted a t  28OOC a t  15 uan Hg pressure for  twelve and 

one-half hours. 

solut ion became very viscous and f ina l ly  sol id .  

The mixture became black and as the  DMA d i s t i l l e d  aut, the 

Yield of black polymer was 

1.1 g. (100%). 

b. Discussion. 

The polymerization of XTBE w i t h  DBPPDA does not occur without a cata- 

l y s t  eveu a t  240OC; however, by using a ca ta lys t  t he  reaction proceeds 

quant i ta t ively and black polymer products are obtained, 

Polymer Appearance 
Catalyst Yield ';b of pol mer 

3. Polymerization of p-Xylylidenetetra-n-butyl Ether with 
Di-N-Acyl-p-phenylenediamine (DAPD), 

I I 

The r e s u l t s  of these studies are shown i n  Table 37. 

Table 37 

Polymerization of XTBE and DAPD 

I 

DA-26-271 

DA-26-269 

DA-26-273 

----- BA none 0 

DMA none 0 

DMA Yes 106 black 

----- 

a. Experimental. 

1. (DA-26-271) Reaction of DAPD and XTBE i n  BA. 

A mixture of 3.02 g.of DAPI), 1.13 g. of XTEE and 5 g. of BA was reacted 

a t  22OOC a t  760 mm Hg pressure for s ixteen hours; a t  24OOC a t  760 mm iig 

pressure fo r  four hours, then at 240°C a t  15 ~lllll Hg pressure fo r  eleven 

hours. Reaction did not occur and the reagents were recovered, 

ii. (DA-26-269) Reection of DAPD and XTBE i n  DMA, 

This reaction is  ident ical  t o  DA-26-271 except tha t  dimethylacetamide 
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was used instead of benzalaniline, In t h i s  case a l so  no reaction 

occurred. 

iii. (DA-26-273) Catalyzed Reaction of DAPD and XTBE i n  DMA. 

Amixture of 1.13 g. of DAPD, 3.10 g. of XTBE, 10 g. of DHA and 0.2 g. 

of p-Q13C@4S03ii was reacted a t  200OC a t  760 tun Hg pressure for  twenty-three 

hours, and at  28OOC a t  15 mn Iig pressure f o r  eighteen hours, yielding 1.3 g. 

(106%) of a black so l id  polymer. 

b. Discussion. 

The reaction of XTBE with DAPD i n  the absence of a ca ta lys t  does not 

proceed. However, it can be catalyzed by p-toluene sulfonic acid,  then 

black polymers are produced i n  almost quant i ta t ive yields.  

K. Preliminary Evaluation of a Mixed Acetal and its Polymerization 
Reaction with Diamine. 

In Section J, the r eac t iv i t i e s  of xylylidenetetra-n-butyl e ther  t o  

amine and amine derivatives were shown to be very low. It was hoped t h a t  

a m i x e d  diacetal ,  t h a t  is, one containing the r e l a t ive ly  unreactive butyl 

group along with a more reactive alkyl  group, such as the ethyl group, would 

y i e ld  a high molecular weight fusible intermeidate, which then, on heating, 

would be conver$ed to a high molecular weight Schiff base polymer. For 

example, the polymerization reaction between the mixed ethyl-butyl-diacetal 

and the diamine would proceed as shown i n  equation 19: 

Intermediate 

1. Synthesis of a Mixed Diacetal. 

The procedure19 given by Alquier was used t o  synthesize 
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I .  

Exper Reaction Condition 
No. *C/ann BE! : Hours 

BuO 
b-C@4-CE 

E t /  het 

a. (DA -26-276) Synthesis of a Mixed Acetal. 

Xylylidenetetraethyl ether (XrS) 14 g. and 10 g. of xylylidenetetra-n- 

butyl ether @TEE) i n  150 m l  . of benzene containing 0.4 g. of p-CB3C&84S%H 

were refluxed f o r  twenty hours and the  product f ract ional ly  d i s t i l l e d .  The 

Yield Appearance % 

f rac t ion  (13 g.) boil ing a t  142-148°C a t  0.2 

ted. This f rac t ion  appeared to be a mixture 

The mixture was  used i n  
Bu 

mn reduced pressure vas collec- 

Of @~O)~CHC~E~CH(OBU)~ a d  

the polymerization as compound 

2. Polymerization of a Mixed Acetal with p-Phenylenediamine. 

The conditions and results are shown i n  Table 38. 

Table 38 

Reaction of PPDA and XEEE 

DA-26-278 180/760 Bg : 
240/760 m Hg : 14 I 98 I yellow I I I 

I I I I 

a. Experimental. 

i, @A-26-278) Reaction of PPDA and XEBE. 

A mixture of 1.112 g. of PPDA and 3.65 g. of XEBe was reacted at 180°C 

a t  760 mEg pressure for  three hours; then a t  24OOC a t  760 mnHg pressure 

f o r  fourteen hours. Both ethanol and butanol were collected in the  d i s t i l -  

late. The polymerization occurred readi ly  a t  180°C, and the yellow polymer 

precipi ta ted without passing through a viscous stage. 

powdery polymer w a s  2.3 g. (104%). 

Yield of yellow 
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b. Discussion. 

In t h i s  experiment, the  purity of the mixed ace ta l  was  doubtful, 

that no conclusion can be drawn as t o  whether or not the mixed ace ta l  tech- 

nique is superior t o  the use of a standard acetal .  

L. Polymerization of Xylvlidenetetraalkyl Ether with Monobenzal- 
phenylenediamine W P  D) . 

The polyraerieation reactions given by equation 20 were studied: 

d \higher temperature 

The reaction scheme in equation 20 is, of course, idealized, since, in the 

f i r s t  stage of t h i s  reaction there is a high probabi l i ty  that in addi t ion 

@CE=N-@N=CIi@E=3J@=CE@ w i l l  a l s o  form, leaving unreacted 

EtO, E t 0  O E t  
p"'. If a large excess of , 'Ca-C6€i4-C" is used, this Etd C B C 6 E 4 ~ t  E t 0  ht 

probabi l i ty  would be diminished. Accordingly, equimolar reactions and re- 

act ions w i t h  excess amaunts of xylylidenetetraethyl e ther  were performed. 
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Both xylylidenetetra-n-butyl ether and xylylidenetetraethyl ether were used. 

Because of the reduced react vi ty  of the te t ra-butyl  ether,  it should be 

possible  t o  achieve the reactions given by equation 21 by controll ing the 

The r e su l t s  of these studies are summarized i n  Table 39. 

Exper. No. 

DA-2 6-2 99 

DA-2 6- 300 

DA-26-301 

DA-2 6- 302 

DA-26-305 
with ) 

6H5cH=Nc6H5 

DA-26-306 

C~’IS~=NC~H 
with a 

DA-2 6-307 

DA-26-308 

Table 39 

Reactions of NBPD and XTE or  XTBE 

E t  

E t  

E t  

E t  

E t  

Et 

E t  

Bu 

Solvent 

none 

DMF 

none 

DMF 

none 

DMF 

none 

DMF 

Cata- 
l y s t  

none 

none 

none 

none 

none 

none 

none 

none 
- 

- 
Yield 

% 
- 

103 

98 

97 

99 

120 

125 

95 

95 - 

~ ~~ 

Appearance 

dark brown 

dark brawn 

brown- bl ack 
black 

black 

black 

black 

black 
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Temp. 
OC 

i -  ' .  

Pressure 
am Eg 

Hours Observations 

1. Experimental. 

a. 
A mixture of 320 m l .  of alcohol and 20 g .  of p-phenylenediamine was 

placed i n  a f lask  equipped wi th  a stirrer and a reflux condenser, and the 

mixture heated a t  50°C. 

of benzaldehyde was added dropwise over a period of three hours with con- 

tinuous s t i r r ing .  Then the alcohol was removed by evaporation in a f lash 

evaporator a t  room temperature. Then 100 ml. of benzene was added and an 

insoluble f rac t ion  w a s  removed by f i l t r a t i o n ;  i t  amounted to 5.0 g., m.p. 

138"C, and was ident i f ied by i t s  IR spectrum as p-phenylenediamine. 

benzene f i l t r a t e  was concentrated i n  a f lash evaporator, and the so l id  pro- 

duct w a s  recrystal l ized twice from 50 d. of ethyl e ther .  

yellow product, m.p. 63-65OC amounting t o  22 g. is very soluble i n  alcohol, 

benzene and ether,  and is insoluble i n  n-hexane. Its IR spectrum was re- 

corded. 

When the diamine was dissolved i n  the alcohol, 15 g. 

The 

The y ie ld  of 

b, (DA-26-299) Reaction of MBPI) and ltTE, 

A mixture of 2.09 g. of MBPD and 3.02 g.  of Xre was reacted under the 

following conditions : 

150 

230 
340 

300 5.5 p a r t i a l  m e l t ;  yellow so l id  

150 12.0 brown so l id  

1 20.0 dark brown so l id  

The yield of polymer was 2.3 g.  (103%). 

c. (DA-26-300) Reaction of MBPD and XTE i n  DMF. 

A mixture of 1.348 g.  of MBPD, 1.940 g. of XTE and 10 g. of DHF was 

reacted under the following conditions: 
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O C  am Hp: 

150 7 60 

2 30 150 

340 1 

5.5 yellow prec ip i ta te  

12.0 brown so l id  

20.0 brown-black so l id  

following conditions : 

Temp. 
O C  

Pressure 
mdIL Hg 

Observations 
I I 

150 

360-400 

The yie ld  of polymer was 1-03 g.  (97%). 

10 3 yel low-brm so l id  

1 24 brown-black so l  id  

e .  @A-26-302) Reaction of MBPD and XTE i n  DMF. 

A mixture of 1 , O  g. of MBPD, 1.5 g. of XTE and 5.0 g. of DMF was 

- 

reacted under the following conditions: 

The yield of polymer was 1.05 g. (99%). 

f .  (DA-26-305) Reaction of MBPD and XTE i n  BA. 

A mixture of 1.095 g. of MBPD, 1.580 g. of XTE and 1.0 g, of BA was 

heated a t  760 mnHg pressure at18O0C and raised over the period of t h i r -  

teen hours t o  270°C, followed by heating fo r  twenty hours a t  760 am Hg 

pressure a t  270-290°C, and then heated a t  33OOC a t  0.2 nm Hg pressure for  
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seven hours. The y ie ld  was 1.49 g. (120%) of black polymer, 

Temp. I Pressure 
OC 1 mm Eg 

g. (DA-26-306) 

A mixture of 1.083 g. of MBPD, 1.56 g. of XTE, 1 g. of BA and 10 g. of 

Reaction of MBPD and XTE in  BA and RMF. 

Eours Observations 

DMF was reacted under the following conditions: 

150-180 

245 

330 

760 6.0 yellow solution aud so l id  

760 19.5 brown so l id  

0.7 13.5 black so l id  
1 

Temp. 
OC 

The y ie ld  of polymer was 1.5 g. (125%). 

Pressure 
mn Hg Hours Observations 

h. (DA-26-307) Reaction of MBPD with Excess XTF,. 

A mixture of 2.315 g. of HBPD and 10.50 g. of XTE was reacted under the 

60-80 

130 

180 

290 

330 
360 

following conditions: 

760 ' 4.0 brown solutton 

7 60 0.5 brown so l id  

0.3 3.0 dark brown s o l i d  

0.3 12.0 brown-black so l id  

0.3 2.0 black so l id  

0.3 12.0 black so l id  I 
The y ie ld  of polymer was 2.3 g.  (95%). 

i. (DA-26-308) Catalyzed Reaction of MBPD with XTBE. 

Amixture of 0.952 g. of MBPD and 1.95 g. of XTBE was reacted f o r  two 

hours under the conditions given below; then 0.1 g. of p-CH3C&,SO$ i n  

99% DMF added a f t e r  the theoretical  amount of butyl alcohol was collected 

and the polymerization continued under the indicated conditions: 
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I. Temp. 
O C  

Observations Pressure 
mat HE 

160-180 

Tbe y ie ld  of polymer was 0.97 g. (95%). 

760 1 0.5 yellow m e l t  

ellow s o l i d  

2. Discussion. 

The yie ld  of alcohol based on the formation of the intermediate, 

200 7 60 2 .O 

Iido 0.3 12.0 

/a 
c 6 H 5 ~ ~ 6 ~ 4 ~ c  H CH for a number of experiments were as follows: 

6 4 \ o R  

brown m e l t  

black solid 

180 10 0.5 c 98% Bum recovered 
ca t a lys t  added 

I n  most cases the polymers w e r e  black, and y ie lds  were in the range 

Exper. 
No. 

of theoret ical  values. ffpwever, the yield,  i n  those cases in which BA was 

1 a n d  of Alcohol 7, 

used, were over 100%. 

RA-26-299 

DA-26-307 

DA-26-308 
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V. Post Reactions of Polymers. 

A. Post Reactions Leading t o  an Increase i n  the Degree of 
Polymerization. 

Schiff base polymers 

would be expected t o  show 

having the conjugated 

a s h i f t  i n  color from 

s t ruc tu re  

yellow t o  black with increas- 

ing value of n. 

mers produced by Schiff base exchange reactions.  

those obtained by condensation OT m e l t  polymerizations, have been found t o  

be yellow or brown. It is desirable,  therefore,  t o  f ind a method by which 

these oligomers could be polymerized fur ther  t o  black, high molecular weight 

polymers. 

A general s h i f t  in  color is indeed observed f o r  many poly- 

Sonre polymers, par t icu lar ly  

Two techniques w e r e  employed t o  increase the molecular weight of these 

F i r s t ,  the  polymers were heat- t reated t o  cause polymerization .in 

Reactive end groups would be expected t o  become more mobile 

polymers. 

the s o l i d  s t a t e .  

a t  higher temperatures, and fur ther  condensation should occur between chain 

ends. The second method involves preparing solutions of such l o w  molecular 

weight polymers in  BA followed by heating t o  extend the reaction in a homo- 

geneous system. 

BA very of ten gave high molecular weight polymers which were black. 

basis ,  BA w a s  added t o  low molecular weight polymers with the  expectation 

of polymerizing them t o  the black stage. 

It had been observed tha t  melt-solution polymerization using 

On t h i s  

1. Experhental  . 
a. (DA -26-151) Post HeatinR of Polymer DA-29-121 Obtained by 
kl t-Solution Polymerization. 

One gram of the fus ib le  black polymer was ground t o  a f ine  powder and ' 

placed i n  a 50 m l .  round-bottomed f lask.  

gen by means of a = t a l  bath t o  420°C fo r  for ty-f ive hours a t  1.5 ~ r m  Hg 

The polymer w a s  heated under n i t ro -  
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Temp. 
OC 

140 
200 
260 
320 

pressure. 

head and the  condenser when the reaction was terminated. 

A y-llow-brown residue was fwnd  on the surfaces of the d i s t i l l i n g  

The w e i g h t  of poly- 

Pres su re  

atm 

atm 

atm 

atm 

m e r  had decreased t o  0.64 g. Projecting t h i s  weight l o s s  over the or iginal  

y i e ld  i n  DA-29-121 gives a f i n a l  yield of 92%, whereas before treatment the 

y i e ld  had been 114%. 

b. (DA-29-126) Post Heatinn of Condensation Polymer DA-29-94 i n  BA. 

Two grams of the  yellow brick dust condensation polymer DA-29-94 was 

mixed with 4 g. of EA and heated in a polymerization apparatus under the  

conditions l i s t e d  i n  Table 40. 

Table 40 

li 10 

10 
10 

~ 

After  reaction, the polymer was reexamined and found t o  be black and shiny, 

which had foamed considerably. 

co l lec t ion  trap. 

polymer, and this was followed by foaming of the polymer. The black polymer, 

due t o  incorporation of some EA, weighed 4.27 g. 

An anxnonia-like gas was observed i n  the 

Further heating a t  bunsen flame temperatures melted the 

c .  @A-29-127) R e p e a t  of DA-29-126 Usinn Samewhat Different Conditions. 

a The same amounts of polymer and BA were used a s  in  DA-29-126. The cm- 

di t ions ,  however, w e r e  changed and a r e  shown i n  Table 41. 
7 
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Tiaae 
(hours) 

. 
Pres sure Temp. 

O C  

d 

5 
18 
10 
14 

At tbe end of the reaction there was i so la ted  3.05 g. of polymer, par t s  

2H) atm 

290 am 

340 am 

340 140 ma 

o f  ub&ch onre @erey and other parts were focrmed and dull. A l i qu id  nitrogen 

trep waa used i n  the reaction system in an atteatpt t o  co l lec t  any ampaniacd 

or other degradatioa products. El0 product, other than BA, was found in the 

trap at the end of the reaction. 

d, CDA -29-148) Poat -Eea tW of Ambe Excbaane Polymer DA-29-132. 

One gram of polymer DA-29-132 and 10 g. BA were heated t o  reflux wde~ 

nitrogen at 300% f o r  ten hours. As t he  reaction progressed, the melt be- - 
CCBD~ darker i n  color Vith  the polymer dissolving u n t i l  a l l  tbe rolut ion was 

black. A t  this point, the m e l t  appeared t o  be humgeneam. One quarter 

gram of zinc chloride was added and heating continued a t  30OoC fo r  forty- 

e ight  hours. The l iqu id  m e l t  so l id i f ied  t o  a black so l id .  The product was 

rewmed from the f lask  and extracted w i t h  95% ethanol for five days. After 

drying the product, 6.20 g. of a brawn pol-, was obtained. 

2. I)tscuosfar. 

By heating polymers vitb yields in excess of looX a t  high teamperatures, 

. -  

it is poseible t o  lower the yields t o  near theore t ica l  values. Besting a t  

higb teaperatures and long periods of time causes substances incorporated 

within the mass of polymer to  diffuse out and t o  be removed by vola t i l i za t ion .  

After prolonged heating, the polymer is usually a jet  black color and 

possesses exceptional t a w b e  88. 
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The addition of BA t o  low molecular weight polymers solubi l izes  these 

. materials but also leads t o  incorporation of some of the BA into the  polymer. 

BA once incorporated in to  a polymer is held tenaciously and is not eas i ly  re- 
,* 

. 

moved; hence, the yields  of polymers obtained a re  high. 

these systems cannot be en t i r e ly  ascribed t o  i t s  solvent properties. 

The act ion of BA in 

Schiff 

base exchange may a l s o  involve BA, 

8. bbteomts to  Detennine the Solubi l i ty  of Certain Polymers, 

1. Bxpe rimental. 

Two solvents, acetic anhydride and concentrated formic acid were evaluated 

in attempts t o  dissolve Schiff  base polymers. 

a. (DA-29-152) Attempted Solution of Condensation Polymer DA-29-94 
i n  Acetic Anhydride. 

Y e l l o w  polymer DA-29-94, 0.1 8. was refluxed i n  a round-bottaned f l a sk  

v i t h  100 ml.  acetic anhydride, Refluxing was continued for a period of forty- 

e ight  hours. After  t h i s  time, most of the polymer remained as a prec ip i ta te  

in the bottam of the flalrk; htmever, a small amount did go i n t o  solut ion as 

w a s  evidenced by the pale yellow color of the acetic anhydride. 

b. (DA -29-153) Attempted Solution of Polymer DA-29-67 in Concentrated 
Foxmic Acid. 

The black polymer 118-2947 (0.002 g.) obtained by a condensation react ion 

of TA and PPDA i n  BA was refluxed with 10 ml. 98+% formic acid fo r  forty-eight 

hours, A wry pale yellow d i lu te  solut ion was obtained; however, most of the 

black polymer remained undissolved. One drop of concentrated s u l f u r i c  acid 

was added t o  the formic acid solution and the  re f lux  continued fo r  two more 

days. No change i n  the system vas noted a f t e r  t h i s  t ime ,  and the experiment 

was discontinued. 

2. Discussion. 

Originally, it was hoped that Schiff base polymers could be dissolved by 
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su i t ab le  reagents which react  with the  -M- linkage as in the monomeric com- 

pounds. 

react i n  the manner indicated i n  equations 22 and 23. 

For example, ace t i c  anhydride and formic acid would be expected t o  

These derivatives,  i f  obtained, should be soluble i n  organic solvents. Then, 

molecular weights and other physical data could be obtained f r a n  solut ions 

of these polymers. The above experiments indicate,  hauever, that tbe  solu- 

b i l i t y  is very low, if any, and tha t  extract ion of impurit ies o r  oligomers 

may ac tua l ly  account fo r  the yellow solutions obtained. 

The absence of good solvents f o r  the polymers makes molecular weight 

determination by the usual methods impossible, and it has been suggested that 

t h i s  problem be the  subject of another research project.  
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VI. Mechanistic Considerations and A t t e m p t s  t o  I so l a t e  Intermediates. 

1 &chanismS fo r  the Schiff Base exchange reactions have been proposed, 

These mechan$sms have been postulated t o  proceed through four-membered r ing  

intermediates. In  the bis-Schiff base exchange reaction, the mechanism has 
8 

been suggested as going through a diazidine intermediate, as  shown i n  equa- 

t i on  24: 

To confirm this mechanism, it  would be desirable t o  obtain a system i n  which 

the  intermediate diazidine could be isolated.  One could then demonstrate t h i s  

intennediacy by decomposing it under the conditions of the norm1 bis-exchange 

. 

react ion t o  give the desired products. 
14  C.K. Ingold and H.A. Piggot described the reaction of p-hydroxybenzyl- 

ideneaniline and benzylidine-p-branoaniline t o  give the unstable diazidine 

derivative,  H O - @ i - e .  These authors report14 tha t  the melting 

point and chemical character is t ics  of t h i s  compound are considerably different  

than e i the r  of the s t a r t i n g  materials. 
15 

In  another paper, Ingold reports the i so la t ion  of another more s tab le  

diazidine derivative by the reaction of equation 25: 

2 ~ 1 3 @ 2 + 2  C H ~ O  + 
(eq. 25)  

15 It is s t a t ed  tha t  the four-membered r ing compound is so s t ab i l i zed  over 

the monamer, a3-C6H4-"2y that  only a t  250°C does the monomeric azaraethine 

e x i s t  alone, as shown i n  equation 26. 
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Ingold suggests 14'13 that  many other exchange type reactions, including 

the carbonyl exchange, take place by means of four-membered r ing intermediates, 

. He was not able,  however, t o  i so l a t e  intermediates of 
such as B'- YJ-R*, 
t h i s  type, 

The syntheses of the above diazidine derivatives were attempted, both t o  

confirm the work of Ingold and his associates,  and t o  lend fur ther  evidence t o  

1 the proposed mechanism, 

A. Experimental. 

1. (DA-29-164) Reaction of o-Hydroxybenzyl idine-aniline and 
Benzyl idine-p-bromoanil ine . 

Following the procedure of Sngold, 1.22 g. (0.01 mole) p-hydroxybenzyl- 

idineaniline.  was placed i n  7 ml .  of boil ing absolute ethanol. N e x t ,  1.72 g. 

(0.01 mole) benzylidine-p-bramoaniline was added t o  the solution. A solut ion 

of the two compounds was obtained, a f t e r  which it was  cooled to roan tempera- 

ture.  

c rys ta l s .  

cold ethanol. 

and upon cooling the residue i n  an i ce  bath, t an  c rys ta l s  w e r e  obtained. 

material and the s t a r t i ng  material, p-hydroxybenzylidineaniline had the  same 

infrared spectra. 

Evaporation of the ethanol under vacuum gave a quantity of yellow-tan 

These c rys ta l s  were removed by f i l t r a t i o n  and redissolved i n  95% 

Host of the ethanol was removed by means of a flash evaporator 

This 

2. @A -29-166) Repeat of DA-29-164, 

The same quant i t ies  of reagents and procedure were used as i n  DA-29-164, 

except 10 m l .  absolute alcohol was used instead of 7 m l .  Evaporation yielded 

a greenish-yellow semi-solid precipi ta te  which had no d i s t i n c t  melting point. 

Recrystal l izat ion using cold absolute alcohol gave a yellow c rys t a l l i ne  mate- 

rial with a greenish t i n t .  As t h i s  material was allowed t o  stand, it turned 
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pale  yellow; i t  had no def in i te  melting point. 

165-167OC. 

s t ruc tu re  could be def in i te ly  established. 

The reported melting point is 

Its infrared spectra did not yield information from which its 

3. @A -29-191) Modification of DA-29-164. 

U s i n g  the same amounts (0.01 mole each) of b e n z y l i d i n e - p - b r o i l i n e  and 

p-hydroxybeneylidineaniline as  i n  DA-29-164, the  procedure was modified s l igh t -  

ly .  

absolute ethanol. 

mixture cooled imnediately i n  an ice bath. 

precipi ta ted from solution; it was separated by f i l t r a t i o n  and when dried,  it 

was l i g h t  tan i n  color. 

during heating it changed color t o  a br ight  green. 

stance ptoduced was 1.00 g. 

materials were ident ical .  

Tbe p-hydroxy compound was dissolved i n  50 m l ,  of hot, but not boil ing,  

Next, benzylidine-p-brmoaniline was added and the reaction 

A pale  yellow-green substance 

No sharp melting point was found fo r  the compound and 

The t o t a l  amount of sub- 

The infrared spectra of the green and of the tan 

4, @A-29-1971 Further Modification of DA-29-164; 

p-Hydroxybenzylidineaniline 1.97 g, (0.01 mole) was dissolved i n  50 ml. 

To this solut ion 2.60 g, (0.01 mole) benzylidine-p- of benzene heated t o  60°C. 

branoaniline was added. 

react ion was quenched i n  a dry ice-acetone bath. 

t i r e l y  frozen, the f lask  was removed from t h i s  bath and placed i n  an i c e  bath. 

Then the  frozen benzene was  sublimed off under reduced pressure leaving 4.40 g, 

of a product which had no sharp melting point. The infrared spectrum of the  

product gave evidence only of Schiff base peaks and no peaks a t r r ibu tab le  t o  

the postulated d i - t e r t i a ry  amine. 

Heating was  continued for  three minutes, then the 

When the mixture was en- 

5 .  (DA-29-199) Modification of DA-29-164, 

Reaction DA-29-164 was modified i n  the following way. 

f i l t e r  f lask  was placed 0.01 mole p-hydroxybenzylidineaniline. 

In to  a 100 ml. 

Then 25 m l .  . 
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hot  absolute ethanol was added, followed by the addition of 0.01 mole of 

i benzylidine-p-bromoaniline. 

dry ice-acetone bath, whereupon a yellow prec ip i ta te  c rys ta l l ized  out. 

The f lask  was swirled twice then plunged i n t o  a 

The 

f l a sk  was  removed t o  an ice bath and the ethanol evaporated under reduced 
I .4 

pressure. A yellow material w i t h  a greenish t i n t  was  obtained, which melted 

a t  160OC. Infrared spectra gave no fur ther  interpretable  information. This 

compound was recrys ta l l ized  again from cold absolute ethanol and a somewhat 

more greenish substance was obtained, which also melted a t  16OOC. A t h i r d  

recrys ta l l iza t ion ,  in the same manner, gave a semi-solid material .  

6 .  (DA-29-193) Reaction of p-Toluidine and Formaldehyde, 

Formalin, 12 ml .  of 37%, and a solut ion of 12 g. p-toluidine i n  30 cc. 

absolute ethanol were heated t o  45OC and mixed i n  a beaker with vigorous 

. 
I' 

. -  . 

s t i r r i n g .  

so l id i f ied .  

The temperature rose rapidly t o  60°C; an o i l  separated which then 

The temperature continued r i s ing  t o  7OoC, then the  react ion mix- 

t u r e  was cooled i n  an ice bath. The so l id  product was removed by f i l t r a t i o n  

and recrys ta l l iza t ion  from absolute ethanol gave a white soluble product and 
amor hous 

a white insoluble/pro8uct. The soluble product began t o  m e l t  a t  12S°C, and 

remained cloudy u n t i l  nearly 2OO0C, when the m e l t  became clear. No unique 

bands corresponding t o  the d i - te r t ia ry  base appeared i n  its infrared spectrum. 

B. Discussion, 

Despite the  many t r ia ls  t o  duplicate the work of Ingold and Piggot, a l l  

The conditions described by the  authors a r e  de- attempts were unsuccessful, 

ceptively simple; however, the correct product, a s  described by them, could 

not be obtained. 

or perhaps t o  some other factor  or fac tors  which have not ye t  been evaluated. 

Fai lure  may be due t o  the extreme i n s t a b i l i t y  of the product, 

The reaction between p-toluidine and formaldehyde has been re inves t i -  
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gated l7 by Eisner 

than Ingold reports. 

and Wagner and has been found t o  be f a r  more involved 

The authors of these papers 17,18 report  the isolation of 

no less than six di f fe ren t  compounds containing nitrogen from t h i s  reaction. 

Resins have a l so  been shown by these authors t o  be produced i n  the reaction. 

I n  the  l i g h t  of t h i s  newer information, i t  seems improbable tha t  Ingold 

ac tua l ly  obtained the diazidines. 
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VII. Summary and Conclusions. 

1. The data i n  t h i s  report confirm subs tan t ia l ly  the conclusions 

of a previous' report. 

The syntheses of a number of monomers reported 

been repeated, confirming the high-yield data. 

A number of new monomers having p a r t i a l  or interrupted conju- 

gation have been prepared f o r  use i n  polymer syntheses f o r  

1 
2. previously have 

3. 

comparison with monomers having uninterrupted conjugation. 

and 
P I 3  

C=NC H N=C 
C3E7' 'C3H7 

cH3\ 4. Two ketanil-type monomers, p- 

H C  C H  

%C2' "2% 

P- ' 2'C=NC6H4N=C ' have been evaluated successfully a s  

reagents i n  Schiff base exchange react ions both i n  monomeric 

and polymeric systems. The ketone is displaced readi ly  in  these 

reactions by monofunctional and difunctional aromatic aldehydes. 

5 .  Black polymers are readily obtained i n  Schiff  base reactions 

when ketanil-type monomers a re  used as one of the reactants.  

Polymer yields  are  high due probably to  the s ide  reactions of 

the l ibera ted  ketone or ketone der ivat ive.  

The polymers prepared from aromatic dialdehydes and diamines 

by regular solut ion methods1 are brick-dust, yellow, and infu- 

s ib le .  When the  polymerization is performed i n  ce r t a in  solvents,  

such as DMF and DMA, low molecular w e i g h t  insoluble polymers 

are a l so  obtained, but they can be melted and car r ied  t o  high 

molecular weight dark polymers. 

6.  

7. Molten benzalaniline is the m o s t  ac t ive  medium i n  which t o  

perform the polymerization. It appears t o  function not only 
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as a solvent but a l so  as a te laner izing agent, thereby accounting 

for  higher-than-theoretical yields  calculated on the bas i s  that 

benzalaniline is only a solvent and not a reagent. 

No evidence could be found i n  extensive s tudies  u s i n g  IR tech- 

niques f o r  the existence of four-membered r ing  complexes or 

adducts i n  the  polymer. Solvated benzalanil ine could be removed 

froln the polymer by continuous extract ion in an amount t h a t  

corresponds approximately t o  the amount tha t  is removed readi ly  

by heating the polymer t o  about 3OO-35O0C. This indicates  t h a t  

the unrecovered amount ex is t s  a s  telomers i n  the polymer which 

could be eliminated by chain-end reactions on continued heating. 

Attempts t o  confirm the existence of four-membered r ing ad- 

ducts 14*15 using non-polymerizing systems were unfru i t fu l .  

8.  

9. 

10. The high mel t -  or "solid-" viscosi ty  of t he  polymer requires 

prolonged heating a t  about 4OOOC t o  permit chain-end coupling 

to  occur and thereby to  eliminate telomerized benzalaniline. 

In such a medium, the removal appears t o  be diffusion-controlled.  

Low pressures of the order of 0.5 mm Hg pressure OT lower are 

beneficial .  

product is of a lower molecular weight o r  of a higher vapor 

pressure than benzalaniline, as f o r  example, C2H508, C3H7cla 

and CaH5CH(OC2E5)2, diffusion of the by-product occurs more 

readi ly  and the theoret ical  y ie lds  are more eas i ly  approached. 

In  those syntheses of polymer where the eliminated 

11. Both monomeric and polymeric Schiff  bases appear t o  be very 

thermally s t ab le  compounds. 

12. High molecular weight benzalaniline- telomerized polymeric Schiff  
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bases a l so  appear t o  be thermally s table ,  as evidenced by the 

higher-than-theoretical y ie ld  when heated f o r  extended periods 

a t  36O-42O0C, the nature and small amount of d i s t i l l a t e  reco- 

vered during such heating and from l i t t l e  or  no change i n  the  

W spectra of the  polymers. 

13. Mea-phenylenediamine or  its selected derivatives appears t o  be 

a b e t t e r  reactant than para-phenylenediamine in the synthesis 

of the polymer permitting a longer fusible  s tage than the  para 

compounds. This is at t r ibuted t o  the configuration of the poly- 

mer. No f ina l  conclusion can be drawn a t  t h i s  t i m e  t o  the rela- 

t i v e  thermal s t a b i l i t i e s  of the meta- and para-polymers, though 

both appear t o  be high. 

performed t o  resolve t h i s  point when the DTA apparatus, which 

has been ordered, is received. 

Different ia l  thermal analyses w i l l  be 

14. Modifications of the  polymerization reaction of the xylylidene- 

te t raalkyl  e thers  w i t h  aromatic amines or t h e i r  derivatives 

appear t o  be promising with almost theoret ical  yields  and 

black polymers i n  a number of cases. 

15. Post-heating of non-black polymeric Schiff bases i n  benzal- 

an i l ine  converts them t o  black polymers. 

16. Attempts t o  solubi l ize  black polymeric Schiff bases by pre- 

paring acyl derivatives were not successful. 

tme solvents for these polymers makes molecular weight deter-  

mination by the currently accepted methods impossible. 

The absence of 
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V I I I .  Future Studies. 

Suff ic ient  s ign i f icant  data has been acquired from the preliminary 

s tudies  t o  allow the select ion of the most su i tab le  systems fo r  the next 

phase of the research on t h i s  project. 

Par t icu lar  a t ten t ion  and e f fo r t  w i l l  be given t o  the k ine t ics  of the 

reactions and t o  the evaluation of the polymers by means of d i f f e ren t i a l  

thermal analysis.  

The investigations w i l l  be divided i n t o  two parts: 

A) The Polymeric Schiff Bases; 

B) The Polymeric Azines. 

These two classes are fundamentally different .  

be considered a s  polymers which possess the  requirements essent ia l  t o  thermal 

s t a b i l i t y .  I n  contrast ,  the polymeric azines,  =@CArCH=N-Na , are less s t ab le  

but  have r e l a t ive ly  high decomposition temperatures. 

composition, it appears t ha t  the  polyazines become converted t o  the more ther-  

mally s tab le  polystilbene-type polymers, and thus appear t o  o f f e r  promise a s  

carbonizing ablators.  The absence of l i t e r a t u r e  references on the behavior 

of t h i s  or  re la ted  polymers w i l l  require s tudies  on prototype non-polymeric 

azines . 

The polymeric Schiff bases can 

n 
I n  the process of de- 

The systems t o  be studied during the next phase of t h i s  research are:  

A) Polymeric Schiff  Bases 

1) Bis-Exchange Reactions 

a) B i s  -exchange of p-C6Hs~=NC6H4N=cBCaHs With 

p - C ~ H ~ K = C H C @ ~ ~ = N ~ ~ H S  

b) B i s  -exchange of m-c6R5c€l=NC6H4N=cHC6H5 with 

p-c @5N=cHc6H4m=Nc @5 

c )  Bis-exchange of Al'a) i n  C&CH=NC6H5 
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1) Prototype Compounds 

a) Syntheses of XC6H4cH=N-N-&Hc&+Y compounds 

b) Decomposition studies on XC6E4CH=N-N--.cHC&Y compounds 

2) Polymers 

a) Syntheses of &HC6H4CH=N-N~ n 

i) By aldehyde and amine reactions 

ii) By exchange method reactions 

b) Decomposition studies of fflCC6H4CH=N-N+, 
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DWPDA = p - c @ 5 c H a c ~ 4 ~ c f j € € 5  

H5C2 \ 1 ~ 2 ~ 5  

c2n5 
D-3-PPPDA = p- C=M-C @4-N&, 

m = p- 
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